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FOREWORD

This report was prepared for the United States Navy by the Cornell
Aeronautical Laboratory, Inc. , Buffalo, New York, in fulfillment of the re-
quirements of Contract NOw-60-0393.

The work reported herein was performed by the Flight Research De-
partment under the sponsorship of the Bureau of Naval Weapons. Messrs.
William Koven and Harold Andrews of the Stability and Control Section, Air-
frame Design Division provided technical administration of the project.

The flight tests were conducted at the Naval Air Test Center, Patux-
ent River, Maryland. Office facilities and maintenance assistance were pro-
vided by the Flight Test Division. The evaluation tests were performed by
pilots from the Flying Qualities and Performance Branch of the Flight Test
Division, and by staff pilots from the Test Pilot School.

The cooperation and assistance given by all Naval personnel involved
is gratefully acknowledged.
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ABSTRACT

Two flight evaluation test methods for determining aircraft handling
qualities requirements have been investigated and are compared in this report:
1) limited evaluation time with only five to seven minutes allowed per config-
uration, including comment time, for a sample of 15 pilots; and 2) unlimited
evaluation time with no time restrictions for a sample of 3 pilots. Naval Air
Test Center pilots accomplished the flight evaluations in the Cornell Aero-
nautical Laboratory longitudinal variable stability B-26 airplane. The limited
evaluation data exhibit a tendency toward compression of the rating scale in that
a smaller range of ratings is used as compared with that used in the unlimited
evaluation but the difference is not large. The unlimited evaluation time method
is shown to be superior for handling qualities research.

I
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SECTION I
INTRODUCTION

Investigations using variable stability airplanes (e. g., References 1
and 2) have been accomplished toward the determination of longitudinal handling
qualities requirements. This work has generally utilized from one to three
pilots in flight evaluations in which pilot ratings comprise the measuring tool.

i. Such investigations usually allow the pilot an unlimited time for the evaluation
and rating of each configuration. This method results, in time requirements
approaching as much as 30 minutes for each configuration evaluated (Reference
8). It is evident that this time requirement limits the number of pilots and the
number of repeat evaluations by each pilot that can be employed in a given pro-
gram. As a result flight evaluations generally employ only from one to three
pilots. Although such small-size pilot samples have resulted in much good data
in this area, the question of the general applicability of such data has contin-
ually arisen. The need has long existed for a comparison of the results of many
pilots with those obtained with only a few pilots.

Flight evaluations by many pilots of a representative range of handling
qualities can be obtained in a wieldy program only if the evaluation time allowed
per configuration is limited. Thus, a test of the question of the effects of sam-
ple size will usually also include a comparison of evaluations employing unlim-
ited pilot evaluation time with those employing some arbitrary time limit.

Therefore, the Cornell Aeronautical Laboratory, under Bureau of Naval
Weapons sponsorship, undertook a program designed to supplement and extend
the tests of References 1 and 2 by using more pilots. The tests were designed
to compare the relative value of short-look evaluations with many pilots and
long-look evaluations with a few pilots. The same variable stability B-26 which

was used in the tests of Reference 1 was already stationed at the Naval Air Test

Center, Patuxent River, Maryland in connection with another project. This air-
plane and its crew were utilized on the project reported herein to take advantage
of the ready availability of the large pool of trained test pilots at the Test Center.
The test airplane, presently owned by the Cornell Aeronautical Laboratory, was

T developed and has been used for studies of handling qualities under Air Force
and Navy sponsorship.

Some words are used with a special meaning in this report, and these
words will be discussed here. Each combination of stability and control char-
acteristics is referred to as a "stability configuration", or just plain "config-
uration". The word is used herein to mean the set of aircraft characteristics
which are kept constant for a given test run. Although the actual physical shape
of the airplane was unchanged as the stability characteristics were altered through
the variable stability system, the term "configuration" was used naturally by the
pilots to denote the different sets of stability characteristics and it is so used here.

The tests in which many pilots fly each stability configuration for a lim-
ited time before evaluating it will be called the "short-look" tests, while those in
which the pilots fly each configuration for an unlimited time before recording
their comments and ratings will be called the "long-look" tests.

"TB- 1444-F- I1



Pilot rating, as used in this report, is the rating of the pilots as to the
suitability of a given set of stability characteristics for performing a given
task. The rating is determined individually while each pilot actually performs
the task, or at least the components of the task, and includes his evaluation of
the effort, skill, concentration and the practicability of any special techniques
required to accomplish the task as well as his performance in actually accom-
plishing it.

TB- 1444-F- 1 2



I
I

SECTION II
EQUIPMENT

The airplane used in these tests was the same variable stability Doug-
las B-26 (Figure 1) used in the tests of Reference 1. The theory and opera-
tion of the equipment were described in References 4 and 5. Briefly, the
variable stability equipment varied the static and dynamic stability and the
control force characteristics over wide ranges in flight. A large variety of
handling qualities was presented to the pilot in a reasonably short time and
all in the same airplane, eliminating the effects of changes in cockpit environ-
ment which would occur if the differences in handling qualities were obtained
by flying different airplanes. Furthermore, with the variable stability air-
plane, independent control of the variables allowed investigation of the effects
of variables singly and in combination.

The longitudinal variable stability B-.26 was developed by Cornell Aero-
nautical Laboratory under Air Force sponsorship, and has been used in a num-
ber of handling qualities investigations conducted by the Cornell Aeronautical
Laboratory under Air Force and Navy sponsorship. The frequency responses
of the elevator and stick servos are shown in Figures 2 and 3. The stick servo
provided the motion of the pilot's stick as he applied force on it. The elevator
servo responded directly to the stick force exerted by the pilot, and so the
pilot's commands were transmitted directly to the elevator without the inter-
vention of the stick servo frequency responses.

The variable stability equipment was calibrated in flight to obtain a plot
of frequency and damping of the short period longitudinal motion as a function of
settings of the variable stability equipment. The static gains of the variable sta-
bility channels were checked each day before flight, and the dynamic response
of the servos to a step input was observed. The frequency response of the ser-
vos was checked at each airplane 100-hour check, and at occasional times be-
tween airplane checks. In addition, the safety pilot noticed the dynamic perform-
ance of each configuration as it was presented to see if it was what he expected.
Since the tests were repeated many times and were preceded and intermixed
with a stability demonstration program using the same airplane, the safety pilot
became quite familiar with the appearance of the motion in response to an ele-
vator pulse and could maintain a running check on the behavior of the equipment
as well as detecting gross errors in setting up each configuration. Gain changes
in the equipment were rare during the course of the evaluation program, and the
repeatability of the configurations was good.

The flight evaluations were done at the nominal test conditions of 200 mph
LAS and 8000 feet pressure altitude. During the maneuvers the speed changed
somewhat, and the pilots were instructed to keep the speed between 180 and 230
mph. Outside of this range the alteration of the stability characteristics with
speed became noticeable. The speed limitation meant that the dives for track-
ing ground targets had to be relatively shallow to allow a sufficiently long time
for the pilot to observe how the characteristics affected his ability to acquire
and track a target.

The stick force per g was maintained constant at 40 lb/g for all of the
test configurations. This value was considered reasonable and pleasant for the

TB- 1444-F- 1 3



test airplane, although it is high by fighter airplane standards. Stick travel per
stick force was constant at 0.07 in. /lb (14.3 lb/in.). Friction in the elevator
control system was essentially zero while the variable stability system was in
use. Values of the coefficients of pertinent longitudinal transfer functions are
given below.

Pitch rate (e ) and normal acceleration ( Wy ) per elevator input ( )
may be defined as follows for the short period response at constant airspeed with
lift due to elevator deflection, LS , assumed zero:

Sv/l'.z

3 sZ+2• s + o

where for the B-26 at the above test conditions:

lift per unit angle of attack / mV = 1. 2 (1/second)

/ 3 , pitching moment per unit elevator deflection /I
1 10.2 (0/secz)

mass = 834.:5 slugs

V , true airspeed = 331 ft/sec

I ,moment of inertia about fuselage reference pitch axis

= 65, 700 slug-ftZ

longitudinal short period damping ratio

longitudinal short period natural frequency (rad/sec)

S , Laplace operator.

Phugoid characteristics were maintained at a period of 50 seconds and a
damping ratio of 0. 05.

The airplane was limited to an acceleration of 3. 5 g, and 2 to 2. 5 g was
the maximum normally used. The limitations on speed and accelerations were
considered to be not too restrictive for evaluation purposes, but the pilots did
recognize that these limitations plus the other characteristics of the airplane
(such as a low maximum roll rate) made an exact simulation of some fighter
and attack tactics impossible.

TB- 1444-F- 14
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SECTION III[ DESIGN OF THE EXPERIMENT

The acceptable and unacceptable regions of frequency and damping of
the short period longitudinal riotions were determined in the tests of References
1 and 2. The object of this investigation was to confirm these regions, or indi-
cate revision, and to compare two different test techniques. The stability char-
acteristics which were chosen as test points were therefore selected in the mar-
ginal regions to help define the boundaries. Figure 4 shows the points selected
on a grid of short period natural frequency vs. damping. Included are lines
separating good and bad regions on the plot as determined from pilot rating data
in the handling qualities studies of References 1 and 2. Several points were
chosen as repeat points to be flown twice by a given pilot to obtain information
on the repeatability of the rating data.

The higher frequency range of the data of Reference 2 could not be cov-
ered in this investigation due to limitations of the variable stability equipment
in this airplane.

The order in which the stability configurations were presented to the pi-
lots was randomized, and each pilot was presented with a different random order.
The tables of random order of Reference 6 were used to set the configurations in
random order.

It should be noted that the experiment, was designed from the outset to use
pilot ratings rather than task performance as a measure of the goodness of a
stability configuration. The weakness of task performance measures in airplane
handling qualities work is the difficulty in choosing tasks and parameters to mea-f sure which can be shown to give a valid measure of the over-all goodness of the
stability configuration. Another difficulty arises from the ability of the pilot to
compensate for the deficiencies in the handling qualities, making the task per-
formance measurements relatively insensitive to changes in the handling qualities.
This effect, which has been noticed in some previous handling qualities studies,
such as References 7 and 8, has recently received some clarification from studies
of the representation of a human controller from a servomechanism viewpoint.
Reference 9, for example, sets up a servo model of the human which fits exper-
imental data, and then shows how the human alters his characteristics to fit the
dynamics of the device he is operating, and how his opinion of the goodness of the
device can be related to the amount that be has to alter his characteristics to
maintain his task performance. This promising line of attack has not yet pro-
gressed to the point where we can dispense with experimental determination, in
a realistic situation, of the suitability of various handling qualities as determined
by pilot ratings. The complexity of the interrelation between handling qualities
requires a high degree of realism in the tests to compensate for the inability of the
experimenter to control all the necessary variables, or sometimes to know all
the variables which are, in fact, affecting the pilot. The variable stability air-
plane is particularly well suited to this kind of testing because it provides a high
degree of realism with convenient control over some of the important variables.

Some special considerations were required in the comparison of the re-
sults of the two test techniques. If the long-look results were different from the

TB-1444-F-1 5



short-look results, it would be important to see how those particular pilots
had compared with others when they were using the short-look technique. In
other words, it was necessary to show whether the difference, if any, was due
to the technique or to the particular pilots. Therefore, the long-look pilots
were selected from the larger pool of short-look pilots. The long-look test
points included all the sixteen short-look points, plus six repeat points plus
eight additional points. Thus, a direct comparison between ratings for the
two test techniques was possible.

TB-1444-F- I
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SECTION IV
TEST TECHNIQUES

Subjects

All subjects in the evaluation flights were pilots at the Naval Air Test
Center, Patuxent River, Maryland. All had had training as test pilots and were
either active test pilots or were on the staff of the Navy Test Pilot School at
Patuxent. All were Navy or Marine pilots with operational experience. All of
the pilots had become familiar with the B-26 airplane and the variable stability
equipment during a stability demonstration program in which various aspects of
longitudinal stability and control were demonstrated and discussed in flight.
This program, conceived as a sort of laboratory course to supplement the aca-
demic courses on the subject at the Navy Test Pilot School, consisted of two
flights, each of two hour's duration. None of the pilots had recent B-26 exper-
ience other than this.

Instructions to Subjects

The subjects were given a short talk covering the purpose of the tests,
the technique to be used, and the interpretation of the rating scale which was used.
An outline of the briefing is included as Appendix A. The pilots were told the two
separate aims of the project, namely, additional data to define the boundaries be-
tween good, medioc re, and bad combinations of frequency and damping of the
longitudinal short period motions, and the comparative effectiveness of long-look
and short-look evaluation techniques. The pilots knew that the lateral-directional
characteristics of the airplane remained unchanged.

The maneuvers to be used were discussed and the point made that additional
maneuvers could be added if the pilot chose to include them. The use of the com-
ment card was discussed, both as a check list to ensure that important observa-
tions were not inadvertently left out and as an aid in helping the pilot to focus his
ideas on a given stability configuration. The cards used in flight, listing the de-
sired maneuvers and the items to be commented upon, are shown in Tables I, II,
and III. The comment data is useful to the analyst to discover the reasons for the

"" pilot's rating, and the importance of the comments was pointed out to the pilots.

A discussion of the rating scale was given to promote uniformity in the in-
terpretation of the scale. Since the ratings assigned might vary with the intended
use of the airplane, the pilots were allowed to assign two ratings, one for the air-
plane as a tactical machine and the other rating on its flyability in general. There
was some difficulty here, since the B-26 was not a modern fighter, in deciding
what kind of tactical airplane it might reasonably represent. For the purpose, a
tactical airplane was defined as one in which rapid and precise maneuvering and
tracking would be required, as well as considerable cruising under instrument
conditions. Only four pilots gave two ratings for each configuration; the other
pilots gave only the tactical rating. In this report only the tactical ratings are
presented. In general, a configuration was rated about one unit more favorable
(lower score) for utility purposes than for tactical purposes.

The pilots were told to consider that their evaluation and ratings did carry
some weight, and to consider the consequences of applying a given rating. They
were told that aircraft designers would utilize the results of their evaluations in

'TB- 1444-F- 17



making design decisions regarding handling qualities. For exa.mple, if they
were extremely demanding and would accept nothing but the best handling qual-
ities, they might make unacceptable a design which could have given them mark-
edly increased performance if they had been willing to accept somewhat infer-
ior handling qualities as the price they had to pay. On the other hand, if they
were too lenient and applied a "poor but still acceptable" rating to a configur-
ation which was in fact nearly unflyable, they were thereby sanctioning the pur-
chase of an airplane with these poor characteristics and might find themselves
making a carrier approach to a pitching deck some dark, rainy night and wish
they had been more realistic in their evaluation.

The pilots who did the long-look evaluations had, of course, already per-
formed a short-look evaluation. The differences in test technique were explained,
with emphasis on the fact that they had essentially no limit on the time for each
configuration and could therefore fly long enough to become familiar with some
unusual but perhaps acceptable characteristics.

During the flight the safety pilot monitored the comments and ratings as
the pilot gave them and attempted to spot ambiguous statements or omissions and
have the pilot clarify the point while the events were still fresh in his mind. A
deliberate attempt was made to avoid influencing the pilot's ratings, either by re-
marks or facial expressions as the comments were being given. The pilots were
told of this and were advised that a stony face and a poker expression on the safety
pilot denoted neither approval, disapproval, nor a lack of interest in the proceed-
ings, but only an attempt to avoid coloring the evaluation pilot's ratings.

The pilots were also told to expect that the evaluation procedure would be
hard work and fatiguing, and to call for a break if they found their interest flagging.

Flight Technique

The conduct of the evaluation flights was standardized as much as possible
to avoid the introduction of uncontrolled variables in the evaluation. A typical
evaluation flight will be described, then the differences between the long- and
short-look evaluations will be given.

The pilots had recently been given a stability demonstration flight in the
test airplane, so they were reasonably familiar with the cockpit arrangement,
flight characteristics and limitations of the airplane. They were not required to
be checked out in the airplane or its systems. However, they sat in the left seat,
which is the normal first pilot's position, and their controls, instrument panel
and control console were standard for the B-26. The variable stability equipment
was under the control of the safety pilot in the right seat and the crew member
in the waist compartment.

The take -off was made by the safety pilot, but the evaluation pilot flew the
airplane during the climb to the test altitude and leveled off at the test airspeed.
The variable stability equipment was engaged and the first configuration set up
by the safety pilot.

The standardized maneuvers listed on the maneuver card, Table I, were
then per.' rmed while the pilot considered how the stability and control charac-
teristics affected his ability to do them. This set of maneuvers had been evolved

TB- 1444-F- 18
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in previous handling qualities investigations, References 1 and 2, and was intended
to bring out the various aspects of longitudinal stability and control in tasks rep-
resentative of those encountered in tactical use of the airplane. The pilots were
allowed to perform any other maneuvers they felt were helpful to them; as a mat-T ter of fact, the standard set of maneuvers seemed to suffice.

When the pilot had completed his maneuvers, he asked to have the wire
recorder turned on and proceeded to comment on the configuration, using the com-
ment card of Tables II or III as a guide, and applied his rating, using the rating
scale of Table IV. One set of comments and one over-all rating was given for
each configuration, except that four pilots gave each configuration two ratings -
one for a tactical airplane and one for a utility airplane, as discussed on page 7.
Usually the configuration was still set up while the pilot was commenting and as
he described each feature and how it affected his rating, he would disturb the
airplane in a manner which illustrated his point. While these demonstrations
were not recorded, the fact that they existed showed that the pilot did not have to
rely entirely on his memory, but was continually receiving fresh impressions
of the configuration he was talking about.

Upon completion of the comments and ratings for a given configuration,
the safety pilot adjusted the knobs on the variable stability equipment to set up
the next configuration and the evaluation pilot started on that one.

The pilots were not told what the characteristics of each configuration were.
They could get an approximate idea by applying a pulse to the elevator and observ-
ing the response of the airplane, Some did this and some did not, but in either
case their comments and their ratings were tied to the behavior of the airplane in
the test maneuvers rather than to the response to the pulse. In other words, they
supported their ratings by phrases such as "Oscillates too much when disturbed
while tracking or when first acquiring target", rather than "Response to pulseshows light damping".

The pilots were not told how their ratings compared with those of other
pilots, even after their flight was completed. This was done to prevent the word
from spreading around among the pilots and influencing those who had not yet
flown their evaluation flight.

The flights were conducted in VFR weather where the pilot maneuvered
and navigated by reference to the ground. Evaluation flying is demanding work
and the addition of flying and navigating by instruments was considered to inter-
fere too much with the evaluation task, unless the evaluation was to be primarily
on the suitability of the configuration for instrument flying. Flights were not
made unless the weather was good enough to allow the pilot to concentrate on the
evaluation without worries as to whether the weather was becoming marginal for
the operation. Although occasional patches of turbulence were encountered, the
air was generally smooth during the tests. The flight test altitude was usually
8000 feet, but was varied from 5000 to 10, 000 feet if necessary to find smooth
air.

In the short-look evaluation flights the pilot evaluated sixteen configurations.
He flew each configuration for four or five minutes, then spent one to three min-
utes recording his comments and rating. About two hours were spent in the actual
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work of the flight, plus an additional 10 or 15 minutes in take-off and landing.
Twenty-four configurations in each flight had been originally selected as de-
sirable at five minutes each. The actual minimum time turned out to be nearer
seven or eight minutes, and the number of configurations had to be cut down to
keep the length of the evaluation period to about two hours. The pilots felt that
about two hours was the practical limit. Beyond that time they became fatigued
and felt that their evaluations would suffer. The same conclusion had been
reached during evaluation programs conducted in the past at the Cornell Aero-
nautical Laboratory. The first pilot completed the first sixteen of his random-
ized twenty-four configurations. When it became clear that twenty-four was too
large a number, the sixteen most important configurations were selected for the
rest of the flights. The first pilot therefore did not fly all of the same sixteen
configurations as the rest of the pilots did. Equipment trouble on one flight re-
quired two flights by that pilot to complete his evaluation. All the rest of the
evaluation pilots completed the same sixteen configurations in one flight, as
scheduled.

The pilots were offered a short rest period during the flight, but most of
them preferred to get on with the evaluation and did not accept the offer. The
safety pilot noted the time spent on each configuration and if the evaluation pilot
began to take too long on each configuration, the safety pilot pointed this out and
speeded him up.

The long-look program differed in the length of time spent on each con-
figuration and in the details of the comment and rating technique. The same ma-
neuvers were performed, but the pilot was allowed as much time as he felt was
useful on each configuration. The total time on each configuration varied; very
good or very bad configurations did not take long as a rule, but marginal or un-
usual ones took longer. Three to six configurations were evaluated per flight,
with five being the most common number.

Data Collection

The data appeared in two forms: a rating of the desirability of the config-
uration and comments as to the aspects of the characteristics which led to the
rating.

The rating scale used, with definitions, is shown in Table IV. This ten-
point scale has evolved in past handling qualities tests performed by the NASA
and CAL and is generally equivalept to the scale (Reference 10) used in NASA
handling qualities tests. However, there are differences. The concept of nor-
mal, emergency, or no operation is not included in the CAL scale. Also, test
and mission definitions are part of the pilot orientation for the particular eval-
uation and not part of the rating scale. Thus, the rating becomes a measure
of the suitability of a particular configuration for the stated mission being eval-
uated - in this case, a tactical airplane requiring rapid and precise maneuvering
and tracking.

The whole scale, with the definitions as shown, was mounted in the air-
plane in easy view of the pilot to help him keep his use of the ratings as uniform
as possible. Previous handling qualities tests- at CAL had shown that a scale of
about ten points was right for handling qualities work. A scale with many more
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points produced overlapping ratings and one with fewer points led the pilots to
interpolate intermediate ratings.

The ratings were supposed to be given on an absolute rather than rela-
tive basis. That is, each configuration was supposed to stand by itself rather
than be rated in comparison with some other configuration. The ratings were
given in terms of whether the stability characteristics facilitated or interfered
with the performance of the maneuvers. In practice, of course, the pilots were
using their experience with other airplanes as some sort of a guide, but the

ratings for each configuration were given independently without apparent com-
parison with other configurations.

Comments were solicited to determine what aspects of the motion of the
airplane affected the rating. This information allows the analyst to present the
results of the evaluation in terms which have more utility to the airplane designer.
The comment cards of Tables II and III were used to force a comment on each as-
pect of interest to assure the analyst that each aspect had been looked at and con-
sidered. Otherwise, he could not tell whether lack of a comment meant that the
pilot considered the item unimportant or that it had been overlooked. The comment
card also served to help the pilot clarify his ideas in preparation for rating the

configuration. The pilots were aware of the fact that the configurations were pre-
sented in a random order which varied from flight to flight, and that comments
comparing a configuration with the preceding one were not, therefore, very help-
ful. They therefore attempted to make their commerrts self-sufficient for each
configuration rather than relative.

Comments and ratings were recorded in flight on a wire recorder. The
ease of talking compared to writing encouraged the pilots to amplify their com-
ments more than they would have done had they been required to write them out.

"TB- 1444-F-1 11



SECTION V
STATISTICAL COMPARISON OF TEST METHODS

In this section the two evaluation test methods will be compared to de-
termine if differences in ratings are realized when the evaluation time allowed
each pilot is limited as compared with the usual method of allowing unlimited
evaluation time. This comparison is made through appropriate statistical
techniques and by the use of descriptive plots of the data obtained. The in-
formation analyzed here consists entirely of the category rating numbers de-
termined by each pilot for each configuration evaluated. The basic statisti-
cal analysis procedures used throughout are taken from References 6 and 11.
The data obtained from each of the two test methods is analyzed separately to
give the variability among pilots and the factors contributing to this variation.
After this analysis, the rating data obtained in each of the two test methods are
compared and the effects of sample size are discussed.

Limited Evaluation Time

The pilot rating data obtained in this phase of the investigation are pre-
sented in Table V. An analysis of these ratings was made to determine if sig-
nificant differences existed between pilots. The basic analytical tool employed
was an analysis of variance.

It was assumed that each pilot's rating of each configuration was a sam-
ple from a normal distribution. That is, if each pilot were given each of these
configurations to rate a number of times, the resulting ratings for each config-
uration would form approximately a normal distribution. This assumption is in-
herent to an analysis of variance. This type of analysis also requires that the
sample variances be homogeneous. A Chi Squared test (Bartlett's) for the homo-
geneity of variances for the data from pilots A through N and all configurations
shown in Table V, except configuration 27, revealed no significant differences in
the variances among either the data for each configuration or the data for each
pilot. Pilot 0 was not considered in this analysis nor in the following analysis
of variance as his test program could not be completed. Configuration 27 was
omitted also from this analysis as pilot A inadvertently was not given this con-
figuration. It would be possible to utilize suitable statistical techniques for
filling in this particular rating, but it did not seem worthwhile for this analysis.
The loss of the data for this particular configuration does not change the con-
clusions resulting from the analysis of variance.

Details of the actual statistical findings are presented in Appendix B,
items 1 - 3. This analysis demonstrated a significant difference in the ratings
of pilots A through N (all the pilots). The standard deviation due to pilots - in-
terpilot variability - was found to be 0. 66 rating. In order to investigate the
source of this variation among the pilots, histograms of each pilot's ratings
were constructed as presented in Figure 5. It should be noted that these dis-
tributions should not necessarily be normal as they arefunctions of the particu-
lar configurations evaluated, and the configurations were chosen on the basis of
other reasons rather than the distribution of their expected ratings. Examina-
tion of these histograms and one of the distribution of the means for each pilot
(also shown in Figure 5) indicated that pilots B, F, G and H were most likely those
contributing to the significant differences found for this particular set of pilots.
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That is, the orientation of these pilots with regard to the rating scale or with
regard to their own particular evaluation as to what was desired, was shifted
toward a higher (worse) mean rating. As indicated in Appendix B, an analysis
of variance excluding only pilots B, G and H was first made and significant dif-
ferences among the remaining pilots still existed. It was only when pilot F
was also omitted from the analysis that no statistical differences were found.

For each of these three analyses of variance in Appendix B, the standard
deviation due to configurations remained essentially constant. This indicates
that the omission of the four pilots had no effect on the variance of the ratings

due to configurations. Also, the standard deviation due to error remained es-
sentially constant. This error value of 0 = 1. 3 - 1. 4 is a measure of the exper-
imental error due to sampling and includes effects not otherwise allowed for
such as intrapilot variability and possible variability in repeating configurations.

This heuristic use of the analysis of variance was employed only in an at-
tempt to isolate the contributions to the significant differences found. For the
experiment as a whole, it must be stated that significant differences among the
pilots were found. However, if the aforementioned pilots are removed from the
data, the pilot ratings among the ten remaining pilots are not significantly differ-
ent statistically. There are no a priori reasons for exclusion of these pilots.
The actual causes for their higher (worse) average ratings can only be surmised.

i I As discussed later there are reasons against exclusion of the data of these four
pilots from the results.

I There is no evidence that particular configurations were contributing to the
rating differences among pilots. Histograms of the ratings by each pilot for each
of the particular configurations are presented in Figure 6. There are obvious dif-
ferences in the distribution of ratings for each of these configurations, but there
are no specific configurations that are obviously contributing to the disparity among
the pilots. In examining these histograms, it must be remembered that each pilot
was given only a total of 5 - 7 minutes to maneuver the aircraft, evaluate its
handling qualities in terms of the rating scale, and provide a numerical rating.
The ranges in ratings of as much as 7 points that were obtained for particular con-
figurations seem inordinately large. However, range is an inefficient statistic in
estimating variance and its efficiency is strongly affected by sample size.

The sample standard deviations determined for each configuration for the
short-look ratings by pilots A-N are presented in Table VII. These values in-
clude the total sampling variations for each configuration; they are not the same
measures o-standard deviation due to pilots previously discussed in the analysis
of variance. It is assumed that the variability in the configurations evaluated, due
to gain changes in the variable stability system, is constant. Therefore, the
changes in standard deviation with configurations may be attributed to pilot rating
technique. These sample standard deviations are compared in Figure 7 with the
mean rating for each configuration as given in Table V. The linear correlation
between these two statistics is not significant. However, there are indications
that this standard deviation is a function of mean rating, as indicated in Figure 7,
with the peak variation appearing in the 4-5 rating range. Linear correlation co-
efficients are indicated in Figure 7 for the data in two separate groups -- the
upper and lower ranges of mean rating. Although only in the upper range of
rating is statistically significant correlation demonstrated, the correlation
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coefficient for the lower range strongly suggests that standard deviation of
ratings is a function of mean rating in this range also. The dashed lines con-
stitute a least squares fit to the data assuming the error to be in the standard
deviation measures.

The rating range where the maximum rating variance occurs is in that
part of the rati-og scale where the handling qualities are neither good nor very
bad. It might well be expected that in this region the variation among pilots
would be the greatest; or stated another way- when configurations are either
very good or very bad there is less variability in pilot ratings than when the
handling qualities are intermediate.

Unlimited Evaluation Time

Pilots A, B and C rated a total of 30 configurations, using an unlimited
amount of evaluation time after completion of their limited evaluation flight.
Their rating data will be analyzed herein as an entity to determine the inter- and
intrapilot variability before comparing the results of the two types of evaluation.
The data obtained are presented in Table VI. The details of an analysis of vari-
ance of these data are presented in Appendix C. In general, the results of this
analysis for all 30 configurations were as follows: 1) the mean ratings for each
of the three pilots were significantly different; 2) the interpilot variability,
standard deviation due to pilots, was found to be approximately 0. 76 rating. An
additional analysis of variance was accomplished with only those configurations
which were evaluated during the short-look evaluation. The results of this anal-
ysis were similar to the analysis of variance for all configurations: 1) the mean
pilot ratings were significantly different, and 2) the standard deviation in ratings
due to pilots was approximately 0. 68 rating.

The differences between the ratings of pilots A, B and C were examined to
determine which of the pilots was contributing to the significant difference. It
was assumed that each of the three possible comparisons was a separate exper-
iment. Although this assumption may result in a total experimental error rate
that is slightly larger than the assumed error rate, the conclusions drawn from
the "t" tests of the differences were not affected. The "t" test of differences
tests the hypothesis that the mean of the differences is not zero. This test mea-
sures the probability that the mean of the sample of differences includes zero.
A value of confidence limits is selected within which the mean of the differences
could be expected to occur if the experiment were repeated under the same con-
ditions, or replicated. If the mean of the sample of differences could include
zero, for this selected value of confidence limits, then there is no significant
difference between the two paired samples. If the mean of the differences could
not include zero, then there is a significant difference between the paired sam-
ples. Confidence limits of 95% are commonly used, although it is generally
stated as a 5% probability of error.

The ratings of pilot B were found to differ significantly from those of both
pilots A and C, while the ratings of pilots A and C were not found to be signifi-
cantly different. These conclusions were the same for the data including all con-
figurations and for the data including only the short-look configurations. The mean
of the differences between pilot B and pilots A and C varied from approximately
1. 0 to 1. 5 ratings for the data of all configurations and from approximately 1. 3
to 1.4 ratings for the short-look configurations. This range of mean differences
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is within the range to be expected for this type of experiment. A similar range
of mean differences has been reported in Reference 8 for an evaluation of long-
itudinal configurations in a high fidelity, fixed-base simulator.

The separation of the results into sets according to the inclusion or ex-
clusion of pilots whose ratings have been shown to be statistically significantly
different from the remainder has not been done in the belief that these excluded
ratings are not valid. Rather, it has been done only to indicate the possible
variation in evaluation results that might occur. In each test method, a rela-
tively large percentage of the pilots utilized were found to differ significantly
from their peers. For each method this difference was in the direction of more
critical selectivity. The fact that these pilots are more demanding in their re-
quirements on handling characteristics is not a valid reason for the exclusion
of their data. Because of the nature of the rating evaluation task and each indi-
vidual pilot's orientation, with respect to the rating scale and the mission being
considered, it may be that significant differences in rating means among pilots
will be the rule rather than the exception (significant differences will be demon-
strated when generally used probability levels are employed)., A pragmatic or
utilitarian evaluation of the rating results obtained including these variations in
means may be required rather than a specific statistical comparison with somelevel of significance.

During the long-look evaluation, repeat evaluations by each of the three
pilots were obtained for each of six different configurations. The results of these

S| repeat evaluations are presented in Figure 8. A "t" test of the differences for
each pilot demonstrated no statistically significant differences between the initial
rating and the repeat rating of a given configuration by a given pilot. This state-
ment does not imply that there were no differences; it merely says that the dif-I ference between the initial and the repeat rating is randomly scattered and does
not show a pattern such as the repeat rating being always higher (or lower) than
the initial rating. Inherent in the "t" test is the assumption that variance does
not vary significantly as a function of rating, that is, the scatter is similar for
low, medium or high ratings. In the discussion of interpilot variability in the
short-look evaluations (pp. 13-14), the variance was shown to be higher for the
medium ratings than for the low or high ratings. Thus the scatter was not inde-
pendent of the value of the rating, violating one of the assumptions upon which the
"t" test is based. This suggests that the "t" test as applied to intrapilot variabil-
ity may not be valid. Determination of intrapilot variability was not a primary
objective of this project, and the data obtained from the relatively small number
of repeat runs is insufficient to show whether the variance of the ratings by one
pilot was a function of the rating itself. However, the "t" test is relatively in-
sensitive to departures from the assumptions upon which it is based, so the in-
formation given by it,,-coupled with the appearance of the plots of Figure 8, con-
firm the stat-iment that repeat ratings by a pilot do not show a systematic differ-
ence from his initial ratings.

Standard deviations about the line for perfect agreement (line with slope

equal to 1. 0 in Figure 8) were determined as follows:

Pilot Standard Deviations

A 1.0
B 1.2
C 0.8
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These values of standard deviation are approximate estimates of each
pilot's variability as if he were repeating the evaluation of a single configuration.
If a large sample of data were obtained, a slope value of 1. 0 (or zero mean error
between the first and second ratings) would be the best estimate for the population
and is therefore the reference about which these standard deviations were measured.

The sample size from which these measures of intrapilot variability were
obtained was rather small. However, the values obtained are within the range mea-
sured for each of two pilots in the investigation of Reference 8. These standard
deviations include possible contributions due to variations in repeated configurations
as a result of variable stability system variations.

Effect of Sample Size

It has been shown in the discussion of the data obtained with limited eval-
uation time that the statistically significant difference among pilots can be elimi-
nated by removing the data for four of fourteen pilots. This is a demonstration of
an effect of sample size. In any sample of pilots selected for this type of research,
the mean ratings for each pilot of the configurations evaluated will form some dis-
tribution. The distribution resulting from this investigation has been discussed and
is shown in Figure 5. It is apparent that comparison of different sample sizes de-
pends entirely upon that part of the distribution into which particular samples hap-
pen to fall.

The sample comparison that is important to this analysis is the one that
compares pilots A through C with pilots D through N. Pilots A, B, and C were used
in both the short- and long-look test methods. The validity of the comparison of
the two test methods will be enhanced if these three pilots are representative of
the entire group of short-look pilots. These three pilots were selected only because
of their availability for this particular program. No attempt was made to select
them on the basis of skill as pilots or experience in flight testing.

Examination of the distribution of the mean ratings for each pilot (Figure 5)
suggests that their ratings might well be representative of the group as a whole.
Also, it has already been determined, earlier in this section, that pilots A and C
were part of the group of ten pilots whose ratings were not significantly different
while pilot B was one of the group of four pilots whose ratings were significantly
different from the group of ten. Additional statistical evidence is presented in
Appendix B, item 4. The analysis of variance of item 1 of Appendix B is expanded
to include a comparison of pilots A through C with the remaining short-look pilots,
D through N. These two groups are not significantly different.

Thus, all evidence leads to the conclusion that pilots A, B, and C are rep-

resentative of the entire group of short-look pilots.

Comparison of Results with the Two Test Methods

In comparing the short-look test method with the long-look test method,
each pilot's ratings for the two methods were paired for each configuration tested.
The difference between each of these ratings was determined and a 't' test of
these differences made. No significant differences were measured in each of the
three pilots' (A, B and C) ratings by the two test methods.
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However, this test of differences will not necessarily show up systematic
functions of differences. Therefore, the differences between the two test meth-
od ratings, long-look minus short-look, were plotted versus the long-look ratings
and are presented in Figure 9. Correlation coefficients were calculated for each
of these three sets of data and are presented on Figure 9. A significant correla-
tion was determined in the data of pilots B and C. A least squares fit to these
data is indicated by the dashed lines on Figure 9. This least squares fit assumes
all the error to be in the short-look data. It is concluded that pilots C and B
tended to reduce the range of ratings used in the short-look evaluation as com-
pared with the range used in the long-look evaluation. That is, configurations
rated poorly during the long-look evaluation were rated as better during the short-
look evaluation and configurations rated as good during the long-look evaluation
were rated less good during the short-look evaluation. This tendency toward
"centration" in use of the rating scale during the short-look evaluation is not ap-
parent in the data of pilot A.

A further study of this phenomenon of "centration" is presented in Figure
10. Here the means for each of the short-look configurations are plotted versus
the corresponding means for the three pilot long-look evaluation. The two pos-

sible least squares fits to these data are indicated: b,, , assuming all the error
to be in the short look data; and bx , assuming all the error to be in the long-

3 look data. Figure 10 includes a line of perfect agreement, i. e., a line plotted to
SUillustrate how the data would look if the short-look and long-look tests produced

identical results. It is apparent that, for the samples of pilots and configurations
evaluated in this investigation, limiting the evaluation time results in a reduction
of the total range of rating scale utilized by the pilots. When a limited time eval-
uation test method is used, the evaluation pilots do not have the opportunity to ade-

quately investigate a particular configuration for all the pertinent maneuvers or
to get a feel for its particular idiosyncrasies. Apparently there is a tendency to
down-rate a particularly good configuration, due perhaps to a concern that it may
have less good features that were not seen in the short time available. Similarly,
there may be inadequate time to explore poor configurations to ascertain if they
have even more degraded characteristics than are apparent for a limited look.
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SECTION VI
PILOT RATING BOUNDARIES

In this section, the pilot rating boundaries are presented and the results
obtained from the short-look tests are compared with results of the long-look
tests. Results obtained in this flight program are compared with those of other
programs, including both flight and ground-based simulator tests. Observations
made by the safety pilot, relating scatter in the ratings to pilot techniques, are
presented and discussed.

Evaluation Data

The evaluation data obtained in this investigation are presented in Figures
11 through 14 as plots of mean pilot rating vs. short period natural frequency, 0,
and short period damping ratio, ?' . Based upon past experience, some liberties
have been taken in fairing smooth curves through these data. Little difficulty was
experienced in fairing the short-look data (Figures 11 and 12). This is attributed
to the smoothing that results from the use of means of large samples. The long-
look data, obtained with only three pilots, has considerably more scatter which
resulted in more difficulty in curve fairing. A good example of this is in the data
for 0. 3 natural frequency. In the short-look ratings (Table V) three pilots, B, D,
and F, rated 0. 8 damping ratio at least two rating points worse than 0. 4 damping
ratio. The remaining pilots did not show this decrement, in fact the majority pre-
ferred a damping ratio of 0. 8 over 0. 4. Averaging the data from 14 - 15 pilots,
a relatively flat pilot rating curve for 4) = 0, 3 above -C = 0. 4 is obtained whether
all pilots are included (Figure 11) or whether pilots B, F, G, and H are elimi-
nated (Figure 12). In the long-look data with only three pilots, the similar strong
down-rating of the configuration r = 0. 8 by pilot B results in a relatively sharp
peak in the ratings for W = 0. 3 at,2 = 0.4 (Figure 13). When only pilots A and C
are considered in the long-look data (Figure 14) this rating curve for 4) = 0. 3 has
a shape quite similar to that for the short-look data. Thus, the comparison of
the short-look and long-look rating curves is affected by the sample sizes in a
manner additional to that discussed in the previous section. Individual pilot
ratings have more influence on the means of small samples than of large sam-
ples - an obvious but important consideration.

Effect of Pilot Technique on Ratings

The preceding statistical discussion considers the information which a sta-
tistical analysis can extract from the data. In some cases additional information,
from pilot comments, may add to the understanding. For example, the safety
pilot noticed that the rating of the low frequency, well-damped configuration
(C) = 0. 3 cps, = 0. 8) was more affected by pilot technique than most of the other
points. Pilots seem to use one of two techniques when they are controlling an air-
plane. Some pilots force the motion to fit their demands, using whatever control
motion is required, while others accept the type of response the airplane gives
them and plan their maneuvers accordingly. The choice of technique does not
seem to be a matter of skill; there are examples of good pilots for each tech-
nique. Furthermore, a pilot may change his technique. For example, a pilot
who generally uses the latter technique may find himself in a situation requiring
immediate action, and force the airplane to respond accordingly.

The configuration under discussion shows a response to an elevator
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deflection which is typically rather slow, and does not overshoot. The natural
frequency is not so low, however, that the pilot has airplane-pilot stability prob-
lems unless he applies a rather large and abrupt input.

If a pilot controls the airplane by applying an elevator input and accepting
the time required for the response, he will be quite satisfied with the configuration,
except, perhaps, for complaints about the slowness of the response. On the other
hand, if he demands a prompt response and uses whatever elevator motion is ne-

cessary to achieve it, he will be dissatisfied with the configuration because the ef-
fort required to get the prompt response is too great. Furthermore, the large ele-
vator motion required to produce the prompt initial response is apt to produce more[ final response than the pilot expected. His efforts to correct the motion of the
airplane lead him to an airplane-pilot system oscillation.

The relatively low rating given to this configuration by pilot B, compared
to the ratings by pilots A and C, may be due to this effect. As evidence, note the
long-look comments for this configuration. Pilot B speaks in terms of force,

whereas pilots A and C speak in terms of motion. The implication is that pilot BI is speaking of the force required to make the airplane move the way he wants it to,
while pilots A and C are speaking of the motion resulting from the control input
which will eventually produce the desired final response.

As further examples of this effect, consider the long-look comments for
configurations 3, 5, 6, 12, 22, and 24. Configuration 3 (co = 0. 8 cps, g' = . 5)
produced a quick response due to its high natural frequency so there was no re-
quirement for pilot B to force the motion. He rated the configuration favorably,
and his comments do not mention effort required to get the response he liked.
The comments for configuration 6 (a) = 0.6 cps, ." = 0.3) reflect pilot B's ef-
fort to add damping to a slightly oscillatory configuration, and his rating here is
low. Pilots A and C apparently waited for the overshoot to disappear and then we
were satisfied with the motion. Notice again that pilot B comments in terms of

7r forces, while pilots A and C comment primarily in terms of resulting motion,
The same trend is evident in the comments for configuration 12 (6) = 0. 5 cps,
S= 0.4). For the lower frequency of configuration 22 (c) = 0. 3 cps, ý' = 0. 2)

pilot B complains of the heavy stick force, which appeared because he was apply-
ing a rather large elevator motion to force a faster response than would be pro-
duced by the amount of elevator required to maintain the steady "g" he wanted.
The large elevator motion then produced a response which kept building to more
"g" than he wanted, so he was required to alter his elevator input. The low
damping meant that the motion would be oscillatory, and in his own words, he
"must fight it". Pilot C again comments in terms of the motion that resulted from
his input, rather than the input required to counteract the motion.

The fact that we may understand something of the cause for a disagree-
ment in rating does not necessarily allow us to eliminate the disagreement. We
are not willing to separate pilots according to technique, because we have equally
expert pilots using different techniques, and because we want the airplane to
have handling qualities suitable for any reasonable pilot technique. We might
point out, parenthetically, that pilot technique is rather uniform as a rule; the
example of different techniques discussed above seems to be an interesting
exception.
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Comparison of Test Methods

The short-look data demonstrates a greater effect of short period fre-
quency above a value of 0 = 0. 5 than does the long-look data. The long-look
data for all three pilots (Figure 13) shows little influence of natural frequency
for values above 0. 5, while the short-look data (Figure 11) demonstrates a
marked peaking of the curves of pilot rating vs. frequency at the different val-
ues of damping ratio. Similar conclusions are evident from the short-look data
which excludes those pilots found to be significantly different from the remainder
(Figure 12). The long-look data with only pilots A and C (Figure 14) indicates
somewhat more influence of natural frequency than the data for all three pilots
but not as much effect as that noted in the short-look evaluation. The elimina-
tion of pilots B, F, G, and H in the short-look data resulted in generally better
pilot ratings for all values of frequency and damping. The elimination of pilot
B from the long-look data (Figure 14 compared with Figure 13) also resulted
in generally better pilot ratings.

From these data two rating boundaries were determined for each of the
two test methods and are presented in Figure 15. The two boundaries deter-
mined are minimum satisfactory (3. 5 rating) and minimum acceptable (6. 5
rating). In general, these boundaries for each test method are affected in a
similar manner by the elimination of the significantly different pilots. The
largest difference is apparent in the minimum satisfactory boundary as estab-
lished with the short-look evaluation. When pilots B, F, G, and H are eliminated
from these results a larger area of the o. vs. I( plot is considered satisfactory.
The data suggest that the four pilots who contributed to the significant difference
among pilots as previously discussed were only slightly more critical in their
ratings of relatively poor configurations, but were considerably more critical in
their acceptance of relatively good configurations as satisfactory. This further
suggests the possibility of interactions between the pilot ratings and the config-
urations tested.

A plot of the boundaries obtained with all pilots in both the short-look and
long-look evaluations is presented in Figure 16. Included in this figure are the
mean values of the actual pilot ratings for each configuration. This figure indi-
cates graphically the differences in results obtained with the two test methods.
The short-look results are more critical in their requirements on short period
frequency and damping in the inclusion of configurations within the desirable
areas. As configurations become less acceptable (higher rating numbers), this
difference diminishes until, at a rating of 7, the results of the two methods are
in good agreement for the range of dynamics tested. A major difference in the
two sets of boundaries results from the better ratings for the long look at
c) = 0.8 cps.

Comparison with Other Investigations

In Figure 17 the long-look evaluation data obtained with all three pilots
are compared with that obtained in other experiments. The unsatisfactory bound-
ary of Reference 2 was obtained by three pilots in a variable stability F-94 with
a center-stick control. Maneuvers required for each configuration were essen-
tially identical with those of the present program. As a word rating scale was
employed rather than the numerical scale, the boundaries are not directly com-
parable. However, the unsatisfactory boundary of Reference 2 should be
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approximately comparable to the 3. 5 boundary of the present investigation.
This boundary of Reference 2 requires a somewhat higher frequency as a min-
imum and allows less damping in the upper range of frequencies than the 3. 5
boundary. The evaluations in both programs were applied to aircraft in which
rapid and precise maneuvering and tracking would be required. Values of
pertinent parameters of the transfer functions presented in Section II are
given below:

T Parameter B-26 F-94 (Ref. 2)

La• 1. 2 1.9

T V, mph true 233 507

steady state stick force per 40 6 (4. 8)*
normal acceleration, lb/g

I steady state pitching velocity 0.20 0.70 (1. l)*
per stick force, deg/sec-lb

i * values in parentheses are for one pilot - other values are for two other pilots.

The values of LV , numerator time constant of the 616P transfer func-
tion, are not sufficiently different to cause differences in pilot ratings. The val-
ues of stick force per normal acceleration are quite different but were selected
as approximately optimum for the range of parameters investigated. It is to be

* expected that the wheel control and the lower acceleration limits of the B-26 would
S3result in a higher value of stick force per normal acceleration.

An optimum value of steady state pitching velocity per stick force, . 47 deg-
rees per second-pound, was determined in the investigation of Reference 8 for
a short period natural frequency, WA , of 0. 52 cps and a damping ratio, 4" , of
0. 33. The pitching velocity gains indicated above for the B-26 and F-94 are
approximately equidistant from this optimum value. If the fixed-base simulator
results of Reference 8 are directly transferrable to in-flight simulation, then the
difference in the values of this static gain between the B-26 and F-94 investiga-
tions should have little effect on pilot ratings. However, there are indications
that the stick forces were somewhat high for frequencies of 0. 6 cps and higher in
this B-26 investigation. (See discussion of pilot comments in Section VII and

_ particularly the long-look comments in Appendix D.) If the airplane response to
pilot-applied stick force had been optimized for the B-26, better agreement
with the F-94 data may have resulted at the higher frequencies.

A similar argument can be developed for the differences in the minimum
frequency requirements for the 3. 5 or minimum satisfactory boundaries. There
were no indications by the B-26 pilots that stick forces were too light or too heavy
in this region. A recurring comment was the apparent change in stick force as
a result of attempts by the pilot to overdrive the response in order to speed it up.
On the other hand the F-94 pilots (Reference 2) commented on the apparent high
stick forces in this region.

In summary it appears that optimization of the static response gains with
natural frequency in both the B-26 and' F-94 tests would have resulted in better
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over-all agreement of the results. Such optimization would have resulted in in-
creasing acceleration (or pitching velocity) response per stick force input with
increasing short period natural frequency. Evidence for such a change in re-
sponse gain is evident in the results presented in Reference 8.

The boundary established in the fixed-base simulator results of Reference
8 does not allow for much direct comparison due to the different ranges of config-
urations that were evaluated. However, cautious extrapolation of the boundaries
of Figure 16 would indicate good agreement with the data from Reference 8.

The original B-26 "poor" boundary is much more critical than the mini-
mum acceptable boundary obtained in this investigation. This is particularly true
in its exclusion of frequencies above 0. 6 cps and is attributed to the original vari-
able stability equipment in the B-26. The servo natural frequencies were inad-
equately low for this range of dynamic characteristics. Also, the stick force per
normal acceleration was much higher - 66 pounds per g - for the earlier B-26
investigation.
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SECTION VII

PILOT COMMENT DATA

The pilot comments on each configuration are tabulated in Appendix D.
The comments have been edited, but the wording used by the pilot has been re-

'- tained as much as possible. The comment card served as a guide or outline
for the commentary. Use of it insured that important items would not be over-
looked, and also gave uniformity to the format of the comments, which was an
aid in analyzing them. The short-look comments were about 100 words long,
while the long-look comments consisted of about 500 words.

The pilot often commented upon what he had to do to make the airplane
behave the way he wanted it to, rather than on how it behaved if left to itself.
In other words, a pilot is more interested in the closed-loop performance than
the open-loop performance. Alternatively, the comments can be described as
input oriented, rather than output oriented. For example, given a configuration
with light damping of the short period mode, the pilot may report stick force
variations (heavy, lightens, then heavy again), but not comment explicitly on the
oscillatory motion. He adds damping to produce a motion which is not oscilla-
tory and comments on the pilot input required to produce that motion in a basically
oscillatory airplane.

SIPilot comments, extracted from the long-look data, are located on a
grid of short period frequency and damping in Figure 18. The mean rating
boundaries of Figure 16 are included. The comments explain why a given rating
was assigned, or to put it another way, they show what aspects of the motion of
a given configuration were the important ones. This information is valuable
because the same rating may be applied to different configurations for quite dif-
ferent reasons. For example, configuration 6 ( W = .6, 7 = . 2) and configura-
tion 26 ( WO = . 3, 3' = . 8) received the same mean rating although they are quite
different. Configuration 6 was fairly easy to trim, and responded to the controlsT promptly, but poor damping made tracking difficult. Configuration 26, on the
other hand, showed no tendency to bobble, and steady tracking was easy; but
the rather low natural frequency made it difficult to shift the point of aim quickly
or maneuver. The airplane tended to keep moving after the pilot expected the
motion would stop, not in an oscillatory fashion due to poor damping, but be-
cause the low frequency gave a long response time, which the pilot was not able
to predict accurately.

Another interesting example of the value of comments is given by config-
uration 28 ( cv = . 2, • = . 5). This is a low frequency, reasonably well damped
configuration, and might be expected to lead to comments such as "sluggish" or
"slow to respond". These comments appear, but the major reason for the low
rating assigned to it is the tendency for the pilots to produce an oscillation. The
fact that the pilots find a sufficiently low frequency oscillation difficult rather
than easy to control is important, and would not be apparent if only ratings were
used. No attempt was made in this investigation to delineate the range of vari-
ables over which this low frequency pilot-induced oscillation may appear.
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Comparison of Long-Look and Short-Look Comments

The additional time spent on each configuration could be expected to
produce better comment data from the long-look evaluation and in fact, it does,
The difference in quality and detail in the comments depends somewhat upon the
configuration. The short-look comments contain essentially as. much informa-
tion as the long-look comments for configurations with high frequency or low
damping, as for example, pilot A, configurations 5 and 14. However, pilots
often have difficulty in pinning down exactly what is bothering them in some con-
figurations, and talk all around the problem. The longer evaluation time of the
long look helps the pilot to formulate his ideas, and the more copious comments
help the analyst to detect what aspect of the motion is important to the pilot. The
comments of pilot C on configuration 16 are a good example, In the short look
he knew something was not good, but could not identify it, while the long look
enabled him to describe the trouble more explicitly.

Generally speaking, the lower frequencies gave the pilots more trouble
in analyzing the motion, and it is in these frequencies that the differences be-
tween long-look and short-look comments show up most clearly, especially in
the description of the response of the airplane while obtaining and holding a
given normal acceleration. Compare, for example, the comments of pilot A on
configuration 26 or 28. The long-look comments of pilot B for configurations
7, 12, 17, 22, 26, and 28 all show considerably more detail in describing the
character and desirability of the response. The long-look comments on marginal
configurations are generally better, such as those of pilot A for configurations
23 and 28.

The short-look comment data is surprisingly good in its detail and con-
sistency, considering the amount of time the pilot was allowed to spend on each
configuration. However, the additional detail and the better understanding ex-
hibited in the long-look comments makes them more useful in an investigation
of an unknown or troublesome group of handling qualities.
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SECTION VIII
CONCLUSIONS

An investigation has been conducted of two methods for flight research
on flying qualities requirements. This investigation, using a variable stability
airplane, was confined to longitudinal characteristics only. One method in-
volved a small number of pilots using essentially unlimited evaluation time (long
look) while the other involved a short fixed evaluation period with a large group
of pilots (short look). Pilot rating (PR) data obtained by the two methods have
been examined by statistical analysis techniques, and by comparison results in
terms of well known flying qualities boundaries. Pilot comments have been used

wherever possible to gain further understanding of the results. This investigation

leads to the following conclusions.

Comparison of Short-Look Versus Long-Look Test Methods

1. For flying qualities research, the long-look evaluation is
superior. It provides a truer evaluation of the effects of
various parameters on pilot ratings because the pilot has
time to search for undesirable effects, to learn to cope
with peculiarities in the flying qualities and to exploit the
good features. The long look improves the quality of pilot
comment data since it allows sufficient time for the pilot
to formulate his ideas and express them clearly.

Data from the long-look evaluation provides a more accurate
quantitative mapping of pilot ratings, particularly in estab-
lishing a "minimum satisfactory" boundary (PR = 3.5). How-
ever, short-look and long-look data both produced the same
"I'minimum acceptable" boundary (PR = 6.5). A "minimum
acceptable" rating appears to be a relatively well-defined
rating and the short look allowed the pilot adequate time for
a sound rating. The "minimum satisfactory" rating appears
to be more elusive, and the additional time of the long look
produced a change in pilot rating compared to the short look.
The long-look boundary is considered a more truly repre-
sentative boundary.

2. The short-look evaluation, using many pilots, shows the mag-
nitude of interpilot variability. After the interpilot variability
has been determined, there is little incentive to use the short-
look evaluation method, because the long look produces superior
data.

3. The effect of increased evaluation time (long look) was generally
to improve ratings for satisfactory configurations and to lower
the ratings for basically poor ratings.

Variability of Pilot Ratings

1. As concluý ed above, the data did show a difference, for certain
ranges of pilot rating, between the short- and long-look ratings
of the pilots who performed both evaluations. The pilots who
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performed the long-look evaluation were shown to be repre-
sentative of the group of short-look pilots. There is some
small probability that the observed differences could be
caused by chance sampling effects. This probability is con-
sidered small enough to warrant the above conclusions.

2. For both methods, the range of rating differences was large,
but the standard deviation due to pilots was reasonably low
(PR = 0. 7). This interpilot variability was somewhat less
than the intrapilot variability which showed a standard devia-
tion of approximately PR = 1. 0. However, due to the relatively
small number of repeat configurations used in these tests, the
intrapilot variability is not as precisely defined. To put'it
simply, the data shows that pilots agree with one another about
as closely as any one pilot agrees with himself for repeated
trials.

3. The range of rating differences between pilots shows a need for
a minimum number of pilots even for long-look evaluations.
The results of this investigation suggest a minimum number of
three pilots to be satisfactory. If circumstances require use
of only one pilot, the data may not be representative although
the chances are that it will be. If at all possible, care should
be taken to make sure that he is representative of a large group
of pilots.

Effect of Frequency and Damping on Pilot Rating

While not a specific part of this investigation, certain effects of frequency
and damping on the pilot ratings are observed:

1. Pilot ratings show an optimum frequency near 0. 5 cps for
longitudinal short period motion. This frequency is chosen
as optimum regardless of damping ratio.

2. Pilots rate the longitudinal short period motion increasingly
acceptable as the damping ratio is increased up to a damping
ratio of approximately * = . 5. Above this damping ratio,
there is little further improvement with increasing damping
ratio.

Evaluation of Flying Qualities of a Specific Airplane

While this program examined only the area of flying qualities research,
the results have application to the evaluation of a specific airplane design with
regard to the suitability of its stability and control characteristics. Evaluation
by a small number of pilots (perhaps only one or two) will allow the pilot time
to fully evaluate the airplane's characteristics, to learn how best to treat any
unusual characteristics, -'d to develop a clear understanding and explanation
of them. Short evaluat' by a larger group of pilots can then confirm the
findings or reveal differences, based on interpilot variability or differing pilot
technique, which will i -uire further evaluation. A small group, using short-
look evaluations, is not recommended, for it provides neither the benefits of
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a searching look by any pilot nor the statistical reliability and accounting for
interpilot variability.

Limitations of Investigation

Boundaries between acceptable and unacceptable longitudinal short per-
iod handling qualities, presented in this report, apply for a set of tasks which
involve precise maneuvering of the airplane. They were obtained for only one
value of the numerator of the transfer function of the airplane. Investigation
of changes in the boundaries for different values of the numerator (which is af-
fected by airspeed and slope of the lift curve) was beyond the scope of the
investigation.
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TABLE I

MANEUVERS

A. Trim in level flight for at least one minute.

Note: I. Ability to trim at

desired airspeed.

2. Ability to remain

in trim.

3. Any oscillatory

motion.

B. Make abrupt control steps to +1.5 g, 2.0 g and

0. 5 g absolute acceleration. Note airplane re-

sponse time and any oscillatory motion.

C. Make slow and rapid entries into level turns,

holding sight on horizon. Continue turns for

at least 180", noting relative ease and accuracy

of tracking the horizon with elevator control.

D. Slow airplane to 180 mph, push over on ground

target (dive angle about 20*) and stay on target

until speed reaches 240 mph. Note relative

ability to get on target quickly and accurately,

and ability to maintain load factor during

recovery.
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TABLE II

f SHORT-LOOK COMMENTS

1 1. Ability to trim

2. Stick force

T Initial part of motion

Steady part of motion

3. Airplane response to control

4. Ability to reach and maintain

desired g.

5. Longitudinal motion in entry

and recovery from turn

6. Ability to track in turn and dive

7. Response in push-over and pull-up

8. General feel of airplane
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TABLE III

LONG-LOOK COMMENTS

MANEUVER A: -MANEUVER D:

1. Ability to trim 1. Stick force

2. Stick force Push-over

3. Airplane response to control Tracking

(time and motion) Pull-out

4. Feel of airplane 2. Stick motion

3. Airplane response to control

MANEUVER B: (time and motion)

1. Stick force Push-over

Initial Tracking

Final Pull-out

2. Stick motion 4. Ability to push over and get on

3. Airplane response to control target

(time and motion) Ability to track target

Initial Ability to hold "g" during pull-out

Final 5. Feel of airplane and controls.

4. Ability to reach and maintain

desired g

5. Feel of airplane

MANEUVER C:

1. Stick forces

Entry and recovery

Steady turn

2. Stick motion

3. Airplane longitudinal response

to control

Entry and recovery

Steady turn

4. Ability to track

5. Feel of airplane
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TABLE IV

J RATING SCALE

F
Numerical Adjective Description

Rating Category Within Category

I1 Excellent
2 Acceptable and Good-

J3 Satisfactory Fair

1 4 Fair
5 Acceptable but Poor

1 6 Unsatisfactory Bad

S7 Bad

8 Unacceptable Very Bad

1 9 Dangerous

1 0 Unflyable
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TABLE VI

IUNLIMITED EVALUATION PILOT RATING DATA

Pilots Mean Ratings
Pilots _Pilots

All A and C

TConf. Freq. Damp. A B C Pilots Only

1 .8 .2 6 3 4 4.33 5

2 3 2 4 5 3.67 3.5
3 I' .5 2 2 2 2 2

4 .7 .4 1 4 4 3 2.5

.6 .2 4 7 5 5.33 4.5
6 .3 3 6 2 3.67 2.57 .5 3 4 2 3 2.5

S7

8 1 5 1 2 2 1.67 1.5

1 9 .5 .2 4 5 4 4.33 4

10 .2 4 5 5 4.67 4.5
11I .3 4 3 2 3 3
12 .4 1 4 2 2.33 1.5

13 .6 1 2 1 1.33 1

14 .4 . 1 6 8 8 7.33 7

15 .2 7 6 8.5 7.17 7.75

1 16 .3 3 4 3 3.33 3

17 .3 4 6 3 4.33 3.5
18 ,4 2 5 2 3 2

"19 .5 2 3 2 2.33 2

"20 .5 1 4 2 2.33 1.5

21 .7 1 2 2 1.67 1.5

22 .3 .2 6 9 7 7.33 6.5

23 .4 4 2 1 2.33 2.5
24 .4 2 4 3 3.0 2.5

25 .5 2 5 4 3.67 3

26 .8 3 7 2 4 2.5

27 .2 .3 8 9 8 8.33 8

28 .5 6 10 8 8 7

29 .5 6 8 7 7 6.5

30 .7 7 8 8 7.67 7.5
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TABLE VII
PILOT RATING STANDARD DEVIATIONS

Short-Look Long-Look
Standard Deviation Standard Deviation

Configuration Pilots A-N Pilots A-C

1 1.51 1.53

2 1.53

3 2.12 0

4 1.73

5 1.54 1.53

6 1.30 2.09

7 1.06 1.73

8 .58

9 1.86 .58

10 .58

11 1.0

12 1.30 1.53

13 .58

14 1.08 1.16

15 1.50 1.26

16 1.57 .58

17 1.53

18 1.73

19 1.76 .58

20 1.53

21 .58

22 .90 1.53

23 1.76 1.53

24 .58

25 1.53

26 1.92 2.65

27 .58

28 1.09 2.0

29 1.0

30 .58
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0 Evaluation Points - Short Look and Long Look,
16 Configuration.

0 Evaluation Points - Added for Long Look

o Repeat Evaluation Points - Long Look

(Numbers serve to identify points in Tables V and VI).
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FIGURE 4 TEST CONFIGURATIONS
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I
Correlation Coefficient, r

All Data -. 20

Above 4.3 Rating -0.90 (significant at 01

probability)

Below 4. 3 Rating 0. 73 (not significant)
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MEAN RATING

FIGURE 7 STANDARD DEVIATIONS AMONG PILOTS VS. MEAN RATING
LIMITED EVALUATION TIME, PILOTS A-N
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SHORT-LOOK

- All Pilots
- Less Pilots B, FG, and H

z 2.- .. Rating Boundary

0 .2 .4 .6 .8

LONG- LOOK

I Pilots A, B, and C
IPilots A and B

z
w
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FIGURE 15 PILOT RATING AS FUNCTION OF r AND W4'
WITH 3.5 AND 6.5 BOUNDARIES
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_-_.- 6.5 Rating Boundary
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F-94 Unsatisfactory Boundary
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Boundary (Reference 8)

-..--.. B-26 Poor Boundary (Reference 1)

Note: Significance of the boundaries obtained from the different
tests is discussed on pages 20 and 21

FIGURE 17 RATING BOUNDARY COMPARISONS
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APPENDIX A
BRIEFING FOR SHORT LOOK

I. Aim of Short-Look Evaluation.

2. Schedule:

a. 16 configurations, plus as many more as convenient.

b. Aim for about 4 minute evaluation, I minute of comment.

c. Configurations occur in random order, therefore, a con-

figuration is not necessarily a logical modification of the

preceding one. It may be very different, or it may be

very similar.

3. Maneuvers:

a. Standard maneuvers developed on past program.

(1) Trim straight and level

(2) Rapid and slow entry and recovery in turns

(3) Establish and maintain 0.5, 1.5, 2.0 g in

push-over and pull-up

S(4) Acquire and track ground target in shallow dive

b. Other maneuvers permissible if desired.

4. Comments and Ratings:

a. Comment sheet supplied to help formulate your ideas.

b. For short look, require only over-all rating, not rating on

each maneuver. However, if one maneuver points out the

major reason for the over-all rating, say so.

c. Ratings should be given for the airplane as used tactically,

rather than just as to whether it can be flown. For example,

an airplane might be flyable but unusable. It would be rated

Unacceptable, even though flyable. Ratings on both flyability

and usability may be given, and are encouraged. An airplane

might be rated 5 for flyability and 7 as a tactical airplane,

for example.

d. Do not hesitate to use the full range of the rating scale if it

seems appropriate. On the other hand, you may get several

configurations in a row which deserve the same rating. Don't

look for imaginary differences between configurations; just

call them as you see them.
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I 4. Comments and Ratings (continued)

e. Avoid comparison with the previous configuration in your

comments. Make each commentary self-sufficient. For

example, instead of "slower to respond than the last con-

figuration, but OK", say "moderately quick response,

which is OK", or whatever.

J 5. Comment Technique and Terminology:

a. When ready to comment, say "Ready to comment". Crew

J man in the back will turn on wire recorder and say that he

has turned it on. Then say "comments on configuration X",

and go ahead.

b. Use any convenient terminology. Scientific, engineering,

pilot talk, or slang are all acceptable. Use whatever style

helps you to get the idea across.

c. Rather than attempt to define the motion of the airplane in

mathematical terms, say what it did, how this affected your

ability to use the airplane and what you thought of it. For

example, "Airplane slow to start responding then tends toI
keep moving. Requires action from pilot to counteract this.

Forces heavy to get started then lighten. OK to fly, stays on

target when set but hard to acquire target or track moving

target".

r
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APPENDIX B
ANALYSIS OF VARIANCE - SHORT-LOOK DATA
(All Short-Look Configurations Less Number 27)

1. Pilots A - N

Sum of Degrees of Mean
Source Squares Freedom Square F Ratio

Pilots 110 13 8.46 4.49**
Configurations 485 14 34.6 18.4**
Error 343 182 1.88

= .662 de = 1.53 d = 1.37

2. Pilots A - N, Less Pilots B, G, and H

Sum of Degrees of Mean
Source Squares Freedom Square F Ratio

Pilots 40 10 4.0 2.3 *
Configurations 405 14 28.9 17.1
Error 237 140 1.69

= .392 = 1.57 d =1.30

3. Pilots A - N, Less Pilots B, F, G, and H

Sum of Degrees of Mean
Source Squares Freedom Square F Ratio

Pilots 25 9 2.78 1.42
Configurations 353 14 25.2 12.9**

Error 246 126 1.95

( d. not significant) do = 1.53 6 = 1.40

4. Pilots (A-C) Versus (D-N)

Sum of Degrees of Mean
Source Squares Freedom Square F Ratio

Pilots:
(A-C) vs (D-N) 2.3 3 .77 .245
D-N 107.7 10 10.77 5.71**

Configurations 485 14 34.6 18.4**
Error 343 182 1.88

* Significant at 5% probability level
** Significant at 1% probability level

standard deviation due to pilots
do = standard deviation due to configurations
o = standard deviation due to experimental error

TB- 1444-F- 1 58



I
II
I APPENDIX C

ANALYSIS OF VARIANCE - LONG-LOOK DATA

f• All Configurations (1 - 30)

Sum of Degrees of Mean
Source Squares Freedom Square F Ratio

Pilots 37 2 18.5 16.3*
Configurations 395 29 13.6 12.O*
Error 66 58 1. 14

f 0 .p .76
d= 2.04

Sd =1.07

All Short-Look Configurations (Less Configuration No. 27)

Sum of Degrees of Mean
Source Squares Freedom Square F Ratio

SPilots 17 2 8.5 5. 1*
Configurations 182 14 13.0 7.81*Error 46.7 28 1.67

r.' •9 :.675

(SC = 1.95

d$ =1.29

* Significant at 5% probability level
** Significant at 1% probability level

= Standard deviation due to pilots

= Standard deviation due to configurations

d =Standard deviation due to experimental error.

f See page 15.
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URATION PI LOT A PILOT B PILOT C
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PILOT C PILOT D PILOT E PI LOT F

Trim not too well defined. Aircraft has odd Trimmability hampered because aircraft bobs Trimmability hampered because of over- Fairly easy to trini and staved on fairly well.
feeling due to rather quick response and high like cork. Damping good but period too short. sensitivity of aircraft. Very fast response Fairly quick response. Difficult to maintain
feel forces. Little over-responsive. Short F, satisfactory. Control response good ex- to small inputs. Fs initially too light, but desired g without slight overshoot or hunting.
period easy to excite, Short period oscil- cept for bobbing. Holding g, rapid turn en- satisfactory once in maneuver. Response Entry and recovery to turns affected by high
lation not too noticeable in turn, more pro- try and tracking all affected by bobbing. initially over-sensitive. Holding g, track- frequency oscillation. Tracking on targot,
nounced in tracking, during dive, and ing, pull-ups difficult due to over-sensitivity. was affected. F. moderately heavy, unsat-
pull-out. Flyable; but unacceptable for service. isfactory for fighter.

76 T 7T

Trimmability fair. Response to control al- Trimmability good. Fs heavy but good for Trimmability very poor. Appears to have Difficult to trim. No oscillation in short
most too much, more than you need. Short this type. Control response good. Holding almost neutral static stability. No Fs/V. period. Aircraft was very stiff. All ma-
period almost deadbeat. Almost overshot g easy in a slow entry. Fast entry causes a Fs satisfactory. Response to control ad.- neuvers OK. Response to control average.
g bcause of quick response. Feels quite slight bobble. If motion is slow, damping quate and satisfactory. Holding g and track- Fs fairly good. Disliked the stiff longi-
lively, little jerky. Notice a little bobble is deadbeat. Ability to acquire and track ing satisfactory. General feel of aircr ft tudinal feel and not being able to precisely
here and there. On dives, you almost get a target is function of entry rate. good but impaired by poor trimmabiity. trim the aircraft.
PIO if you try to make continuous corrections.

7 5 -435

No trouble to trim. Tends to remain in trim. Trimmability good. F, good for this type of Slight stick moton to center trim in middle Trimmed and maintained airspeed all right.
Fs too high for fighter. Aircraft little tender aircraft, too heavy for fighter. Control re- ofLightly damped oscillation bbut ircraft was
in feel because of tendency to overshoot. Re- sponse good. Damping not quite as much as tions. F. initially light but builds up to ac- fairly stiff. Fs moderate, satisfactory for
sponce quile lively and fighter type. You I'd like, but it's liveable, not dangerous or ceptable level. Apparent response of air- heavier aircraft. Response to control fairly
would probably overshoot trying to hold cer- bothersome. Hold desired g good. Very craft is fast initially, then becomes much fast. Satisfactory to reach and hold desired
tain g. No problem tracking horizon. Track little tendency to oscillate while tracking. slower. Apparent Fs lightening because of g. Difficult to maintain precise altitude in
in dive not too satisfactory because of high Fs. Little more than I would consider ideal, increased initial response. All tracking level turn. Tracking fair.

but suitable, impaired by poor damping. General feel -

6 4 very light and touchy. 6 4

Trimmability satisfactory. Feel rather good Trimmability good. Fs quite light. Control Trimmability good. Fs satisfactory. Re- Easy to trim and stayed on trim. Fe OK
as far us getting response I want. Tracking response good. Holding g good. Slight os- sponse to control seems little over-sensitive, for transport, heavy for fighter. Response
is eaxcellent primarily because of aircraft re- cillation both in t' imming rapidly and track- Difficult to change attitude of aircraft minute- satisfactory. Motion slightly oscillatory
sponse. You can put it just where you want it. ing target. Personally like the response, ly. Difficult in tracking. Aircraft just a when tracking. Holding g, tracking ability,

but prefer little less bobbing, little bit over-sensitive, average.

4 2 4 3

Trimmability pretty good. Fs nice and light. Trims fairly well. Control response good. Aircraft response rather rapid, and there is Little difficult to trim and maintain. Fe OK
Aircraft response good. Feel good No no- F. fairly high for fighter, OK for bomber, seeming reduction in Fs. You have tendency for transport, too high for fighter. Response
ticeable stick motion. Holding g and track- Essentially deadbeat damping. Period is to overshoot g you want. Track in turn and to control good. Maintain desired g good.
ing good. Aircraft quite responsive. Can quite short but aircraft is readily handled, dive good. Push-over and pull-up response All maneuvers good.
make an exact maneuver with it very easily. Aircraft feels a bit stiff, but not good initially but tend to overshoot. General

objectionable. feel of aircraft good.

4_ 4 3.5

Trimmability adequate. Fs heavy - feels Easy to fly straight and level or in steady Trimmability satisfactory. Comments on Trimunability OK. F. too high. Response
like a truck. Response all right, but rather turn unless disturbed, then an apparent all maneuvers satisfactory. General feel of to control fairly rapid. Oscillatory short
soon. Holding g and tracking satisfactory undamped oscillation is caused. Actually aircraft fairly good. Damping is some- period made it slightly difficult to acquire
but Fs/g too high. very weak damping not apparent to pilot, what light, but definitely acceptable. and track target. Fairly easy to maintain

Weakly damped oscillation causes very level turn and desired g. Pilot had to damp
light F.. Very difficult to hold certain g out small oscillations in turns.
because of oscillation.

75 825

Trimmability fairly good. Aircraft response- Trimmability satisfactory. Fs OK for this Trimmability satisfactory. Fs OK. Re- Fair to trim, stayed on fairly well. F@ mod-
very adequate. Fs heavy. Turns and track- type, too heavy for fighter. Control response sponse good. Slight tendency for oscillation erate to heavy. Response satisfactory. Mo-
ing very good. Tracking in dive OK except good. Hold g good. Longitudinal motion not when holding g. Tracking very good. Feel tion oscillatory, fairly easy to maintain de-
for high F. required as speed increases. Fe objectionable in trimming and turning. Air- of aircraft very good. sired g. Level turns OK. Acquire and track
too high for fighter, OK for transport. rrAft výti- ttb lity -ry werk, inishy. It target OK, although slight oscillation had to

comes back but takes long time. Tracking be damped out by pilot.
OK.

S24

Difficult to trim because of high frequency
Trimmed OK. Fe satisfactory. Aircraft Trimmability hampered by poor short per- Trimmability OK. Fs satisfactory. Neu- neutrally damped short period, although air-
feel not good because of tenderness due to iod damping. Fs OK. Response to control trally damped. Period short enough so it craft could he trimmed. Fg eceptlonally
easily excitable short period. Holdig g very poor because of poor amping. Re- is on borderline for PIG. Holding g mar- high, response to control OK except the mo-
and tracking affected by poorly damped short sponse is generally more than you want ginal. Tracking unsatisfactory once short tion was too high a frequency and undamped.
period oscillations, and then bounces hack. Holding g OK if period is excited. General feel of air- Had to be damped out by pilot, which could

you approach it very slowly. Anything done craft unaccept-ble. be done but was difficult. All manevers
rapidly produces lightly damped oscillation. difficult because of undamped oscillation.

S5 T
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PILOT I PILOT J P! LOT K IPILOT L &
thIs cot baa. I Iilly rapid rsin, Trimmability satisfactory. Gives impres.

1,on fL-pa; ic t too good. Very sion of -cry light stick force. for Initial do. Very wnc.uii tlrim. Aircraft felt pretty Kaxtes~iva sparingy damping. Initial aIrcraft
tuk -Toaa , Fr.cq.e.cy i. higic flectioni, very rapid response for tlight forces good when risaldag slow mttonth gentle mae- reeponstw too great fo, relatively ismall To

s0 hot da, , vi g OIt ost-cillotion ho hand and then forces, becoessn heatvier as gla aer nen-ere. Got os.illattan when "sing rapid applied,. particuolarly noticeable in pesuhover.
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an lIis door,. As _ft .elt evltr with. tory; in (lives, fair doe to light F, require,!
(;Ice fri1 - 00.-titranstivia. for a riall deflections of aircraft.

iu~i aifatr nd anitor es Abrp Trimmabtlstt poor. T rim steead seems Trim well, When applying control. atrcraft 'I Arimrahllity excellent. All aspects ab~ol-
,tle ie iiIctrymton trd ido. F6 Light. Aircraft seems rather ...m to hesitate before starting to move, lent. Excellent static longitudinal Fe eta-,ts.a ,i s, - iI~~r njumpy tralys as an i-onsaicaste reepurino to light then moves rapidly. Tracking grotond target billty and load danmping thatI deadbeat lintb1,0 'i,~. ipo sLl Jhace Cnro cocees. Tendency to overcontrol eotremely difficult. Tends to oscillate about not impose in isuech a fast rats that is ia

tnt..,.~ tA ch anod hold g sat-

occt ' c mkig sal cia 51a while tracking in turns, name in li. as. Air- point. Continually trying to correct. objectionable.

in .. et fr ohurinaeuvr..Fs in dive. Aircraft too jumnyv. too rapid
in respons...

5 ________ 5 _ _

General opinion of aircraft excrelent. Only
1 chipatYfi"fat ory. Litt1,le hw bItl it F, eviem light at first andI increase a. g is Aircraft appeared sensitive. Tend to ever- adverse commenat - skert period requires

s.c.dr f-mc trim. F, OK. applied. Qulch response. Fairly easy to sheet target, hot you can bring it back on 1. ZS to 2. Z5 cycles to damp depending cr on
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ccifnlparts of m'otion Matteuvere tory. Got small oscillations of nose above overshoot and un~dershmot. neuverat. I Like this typ of damping person.

I hoc. 00 very light damping cause. and below target when tracking in dive, ally and rather have it thans deadbeat. Ex.
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* rij a,. Nat -,occlortahtr for tccctio.at dive than to bold S. General feeling good
except for teaching in dive.62

I Trim easy to hold. Highly dme.IiilV
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.cis"s.nc A quoennit. simle sem little iluggiaht and I feel this may be more ior loss p-itra induced. j sat Ry each and bold g a... llent. 'Turn
ccc, little betk; !ins'0mping with this due to higher Fa than I like, Tracking in entry sand recovery very good. Tracking in
c. ,Pu cov.er oand poll-opl fine, con dine good. din., pushi-owerstr and pull-up good. Gole cal

-Icd hilli . fesi very good with possibility of sponagbIesso
Ior springiness doe to appa rent nedmlg

ihichiaty eatisfactory. Damnping satis, Eaty to teini. Steems to have iieutral statis:
. FairlIy high feoqo..nry. Fe/g quite stability. i.e. . holds sevenral different A ar- Excellent characteristic.. Lighter F.. M'
:4- 1s..ia qocte rapid. Reach end bold speeds. Damps out fast, Very rapid re- Easy to trim. Aircraft geoes to where yea aspacts eaeellant.
aiitory, Litll hard to gel istalbilned. spense. Maintain g good. Slight tOsi.ie-i: t. put it, hot seems just a little sensitive.
gin, turn end dive little difficult hut overshoot on first uttempt. Torn entry Atti F.s little higher than I like.

* icry. G-errol feel - den't like it but recovery. tra..hing good. Fasci light.
bcioy. Acceytable hot fair. Acts like a fighter, Like it very welt. 3 _____________ ___________

IcltyFairlaycry reepri. Shr ade elTrtmmabillly acceptable bet not good, Air-* cii~icv .id ~oi FurlyTr~tnamability satiioiactory. Sotperiod I Enn~y to trim. Hire F,. Hade elnc, craft gibesimrsonohangeualt
pyIv, al olor det~.am-Rpin .. No eem ittle shote thallik. gceuefirlyeasyinfeltei .,a. Could get on target quirly and roegativ static stability wilth poor damping

_ioac irc yor foce. i. rid poand lieolyadwl.gshue iryayi hold target very well. ui.perimposed. D pig Isuihaeex
euceacor.Ye cn ol ~i ad when ronsto-t forcee are applied. T-uvklng cesv ubr ofmin cyle suk tih at r spons

i.d ai; 4,cce f ou learn. to lot ii-a dii in torn good xhr.i positive force applied, isun artura tof, itilyc lot d o a thtrespk.s
I 0 iihig! it. Usc thie. eA_ tehmicici citi noo oncillation when force is released. 11 "1t oUta' ple.Tak

r.. lh-,f,teI. tory tar legia11 ia..ifeiny ., pon k-ovir anrd pull uji all OK. Eucas.
Traitie indiv sstiseetry.51 ire aircraft rianpentai to T. initially.6

iclly . yci ak.Tues cani.ertaile Ral�,. ilitiscult to trns and hold. Aircraft Air.. mallt haidle very nielty, res~poinds eslI.
lcio.nl iotclight anid comfort. respond. fairly well. Fit seen. Has),c high. Light e. Cent, pina it ditem buttI canrat held All a.peci. eseetlent
ccli i jiicii is to. low, 1. 25 Whl odn rae hnI sse oit on target quite as welleas I'd like to.

cIi 
T
kaneuavers aai be done, vary while holding constant i, Teaching in

fIod I ccaccae of .6'i-ain~taire. ts..etafia asier n track in taric
ns7. . .... ye ouc l yu cooIi't over- tha.n hod geh.iie

ci . At captatar iiaut only fair air craft.

cc lily cAil I', eail C, ~Cticook Trintinil~t por IHard ito liii ou pro Voy iffii l 1. trt Ner len o be Poorly lainspoid oscillattion meakes forces tooe
-Ir Rl g lthic..in Ii clhticiilt to reai i isl it ltli light iat Ait" raft ceSpilnoo. Ai rcraft re6o40a1Y iinaliie nI.~frl F. arclipt.sh.I. All tnema ncr,- s ci.it in tranis due to oscillation. Fe socaee ispnsevi Initially leo fast, relatively tetild hes

duoll to oscill-ntion. thaetr tha Ci.admae.nnen xreeydf inputs. Could reach and hold g, also track
cit po c ll inw r ei nti y ahndoc recnv lui uinder auitie conrditiorns aircraft Might be. liil.Coold not hold a certain g due to in turn *' isbtbohleeemore dif.

.i cacr. aageou ccd lamg entr end recoery
alpail -p respronee u..setialac- - ot ltgro e ieg ftor i esnlltone. Frequency was slow isooug fin farthdier away fromh tsrim.Ml t od

.noyb ... tl~ scedue.Canot and te. strong F. yplinad. pilot ceuld renact ta them, but kept him ficrarthe awaynreuie frsm prm ildot. Genee
cc. i ccbus. Coldnot settle os g or target In Joel . would be greatly impronrod with Is�-

6 ~~ ~7 tihig- -Proved damping.7
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CONFIG -
URATION PILOT M PI LOT N PILOT 0

1Trlottoability good. To satisfactory. Air.
frant response little too touchy - totoothing D~ifficlt to ttrim. F. good. Short period Tri-moahility fair. 65 koot. High frequency: 8 like Cof:rati.lne 3ot period om little fairly rapid oscilliati::oln:Sales.ilthe time. :04 I=d.i make. erplaa 11towety.

.8 EtttY attd %._Pisgroy from tolure OK. Kind of bobble n 00mottor what!I did to try to correct and bounin aroood of tho no.. hbe. attumpt-

step input "on I got to thor g. i kt .T hisbbldin make .otryandcs veory leis. 8. -ice

C.) 8 ranpono in too go d a pn fo ah y tli o maik. ra ho rh oo o. o g
and t .2odo actuallyrsa pot mI.~h tr

.t got. bit.0 hoo . goo no tto i

3 Trim .. hlllty 1-.oa rgloaly gat of ody. Statch Fnirly oaoy to trim. To u sit tl roo oat fo
othlt oaivl tba. F OX . Ar "01.1 lika Hl dit g. ..t r to ig roteIe .ton

caft rheld ovor good. Aic afot is r.Ilowt it tr. oureg. preiti al y Tr ucpkin g o .*1turn.62rspnei too hih. goo d for aoircraft nliky is and div- onclllati or botd ecn0 aus qoofbmll lng.
8m r ohjoctal onmod. ,vr m raistckmtion.

*od dvot -froqoacy ltito it to hig fo Ida ooorn- am tal f utirn o s lon g h an y do tar..2t goodra feet rgodt...t. f orti

5F1 imapp brility l margin rally dat is rn y tit- Fai rla sy to ho p tring n uick aft e to ,itt
___ -tporlty relattvey nlo .", probably ým`nkod hy r ut. L oin . Ltoo difton t h inh . .trackin

id. o too ai h igR.h and bld. hin doo to Lairnod osiltiorgbt dumap. oft o quiclytatl dov
Por toh turn. n olloK-d.ot dra mpin qoio Ing rmt rgto too got ononmoo w th hoitl patie
.ad godiva. _t thoold.y gottl hobbt in ofotheues or r It.p asdyon t orgot. mk

.2 S pd t. oa ntp rott li. Trr o a ty O .a llru ptmotio n r N Xid fr el good to o ll n.ri ot iit fair. b t m n n o a

(ord .p.f . tot ý.llhl liT o r Ft.R-c a .n . Cnfunt 9 TrIdn n

C. 6 Au o iltynor saifcoy Trok fooll Qu t. asy to tr inm a ligtobn rrigI itptt odOop
longerd fly.l tsbiryý .- nIt onli.to ot OK. lehd making~it

anod as0to. irt inou nl gotl gihrfo notbobbewody storn e jolt too rhght. Sonpr rcigadcagn ptto od

Appenntars irtt dniraei. Frimttintcy itOoK.o A nnll ao oa..pmtda nd. .. dttrabi: D aidn t y fair. m o .h o onotI ampngl .hor

ri tho t p PrId m 1 quickmin 9.oont Trckn hod been. coro Out.6 :W~~~~alf."Ito cyc lltnt to e damp S am~ flttor tocin T..11ot1S 1.c 0J lot .Itdam o f hy itoif Onra foolin

Irm a~l aifctr.Dmigsol 2 Voyntly dfiuto tintim. Hold li ettleha y watlfr . Tremaility Lai. TRwhidle drit Intio9 hihri A~brupty g o ntod. i.npuit.uptory Z Air hota rsondsr exesvhfrvrightr gn trimed godbuthadno t t hoo e raknn prk tywHorn.die god.
crnfd rdtonut. good. Al maindn good hol ad y gor etu rnc To in ton s. Shnd per- NoTracking anholdnging. ttone gostinn agood.
Ho. onamo ore roid.. toslightlhighr. Lair osiltion eandipll-o gooit d .a ~ndndomtbe nod hold It b suhom s w t . damping sht ort= 5ytig butttoig ec rynrootold in aractuing b racrkt ik perioo od w itotrnnfint half of lot oflo n very

. . ul.trnslat iv e.y l aigtr hru.o flonga o. dont a- ..olfoosiltd on hy e -damping i t oro fcco

W 4 cyle ':"25emd o. oJs

Ie 4 .2orl hot faryodmo niltrifcot tupou trim r liftohkytrnh

C) -ht ha ll or ayfo I. rak n anovort it air - 0uik:0..= 4nalot e

12on:4 ~eO : long. teasyaon tbot n trim. an oit HUrIlt. hev tfrson.b`U ar esda rftI rmo
Titrolfortaplity od. Any ratisfctory Ain - but undra higetI ry poor Ctan fly Rahn airc5 nt. raftn ntundve od

r.o gcnrlaioyodmod.11 - - . gonltod, haelyhtd ffot to ... myac intun ive rotobehlino.al ogo nsaon
No qplln .m el- M in I. andonorin . u gottod. Iede .d i hrewne. apn w.-.W .5 wol 1 1,n to akn fl I . ... ie r dI is afo silto,"
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CONFIG -
URATION PILOT A PILOT B PILOT C

1 5 Eaoy trim. Oscl"-"onpoe- Trimmabilty good. Ho trim good. Oscil.
tively damped but slowly. Fairly easy to atory rmsticn, objectionale. You have to Trims up nicely. UAglM *. Aircraft re-

track but s oncillatict (1o0g period) work 6 getuttn it out yoursdf. Tracking, spoMO good. ghrt Period is quite ebort4 superimpoead on top of truacking oervlope. teondecy to overcontrol. and lgtly damped. but does damp ou.. Not -s noticeable in dive. This doesn't botber you in tracking.

Exce•ptionaly easy to trim a" hold trim
6 very wal. During steps, initial return Trimmability satisfactory. FT OK for

was fairly rapid. Tracked very well level Trimmability good. Small tendency for transport. Aircraft response good.
ad pretty dive. Aircraft seemed aircraft to go off trim. Tracking good. Holding g asd tracking saisefactory al..4) 4 to w ander a5litein dive and required though F hihrhie in dive.
some heavy To. I can't realy find anyhing 1 dialike but

I'm not perfectly happy.

9 Trimmability not abholutely perfect but as
Trimmed and held trim well. Almost dead- good as could be asked for. F, just about

beat. Aircraft tracked very well in level as Ird like to see io an avera iran.
Aturns hut slick forces had to he increaeed, Airraft response and feel vry goo. De

fi amount in dive. TrimmabWlity good. Hold trim iood. ghtful to fly. Tracking good. Ho notice-.4l Tracking good. able stick motion. Overall as nice as I've
ever flown.

Not too easy to trim. Once trimmed, held Almost neutrally stable trim band 0 - IS No trole.in trimming. Aircraft response

well. On control steps, aircraft made knots. Apparent increase in TO. Response to control weak. Time lag in response ob.
.2 one initial overcorrection and then slowly time slow. Quite a bit of oscillatory motion Jectiodahle. Short period very weakly

U/ = cdamped. Slow oscillation present in all once aircraft moves and slow to damp out. damped. Not comfortable at large g input.
trcig Trckn porh3ueo hs Difficult to damp manually hecause pilottracking. Tracking poor becausee of this. finds it difficult keeping up.

Holding g and tracking not good becanse
f oecilltory short period.

2t3 Utile bit difficult to trim. =isan to drift Trimmability good. Hold trim good. Trimmability adequate. F, moderately
off after short time. Very we damped. Tracking - once aircraft gets moving there light. Aircraft response somewhat sluggish.
Took some effort to keep nose on horison is a tendency to overshoot. Increase in Fe Tracking OK except again response in onCa) .3 around 180I turn. Tracking in dive good. d=n tracking, more difficult to track. sluggish side.. Oscitory motion difficult to damp.

S4
3 5

6 Seemingly difficult to trim up but not really.
Easy to trim. Remained in trim fairly well. Thimmability - wide trim band. Hold trim Fairly neutral static force stability. Nice

Airplane did not oscillate, just assumed good. To seemingly heavy. Slow response, for maneuvering aircraft. Short periodnew attitude when stick was released, heavily damped. Tracking poor because of well damped. Tracking easy. ResponseC4) Tracked well. slow tesponse; tendency to overcontrol. decent. Fo decently light. Rated ? rather) Difficult to get aircraft to move. Once on than I because would prefer Righter stick
target easy to hold there, force.

.8_ _ _ _ _ _ a

27 Not too hard to trim. Hard to define. High

Uuable to do - system troubies. Trimmabiity poor. Continually hunting. Fg. Aircraft response low for what youUsable to o * systemtroubleslitile ability to remain in trim. Constant wn.Dvret•eapro xie io

oscillatory motion. Response lag to control want. Divergent short period excites piloto ciltormontio. tesndeny to overshoot. and he tends to overcontrol. Pilot almostinput, conequently tendency to overthoot, out of phase with it. Not quite a PIO but
approaching it. Period is long enough so

you do have control over it.

.3

28 More difficult to trim th usual. When Very little feel as far as trim. Aircraft Ability Wo trim not bud but no teodency to
disturbed it aseemed new speed with no response time to control somewhat delayed, com lack one displaced. Abrupt roll stepsresult in PIO. Similar to FOU at hih q butal% d• tendency to retu&rn to original trim, rasul•ing in tendency to ovorcontrol. Tend.. not u~ncontrollable. Disconcerting. Slow re.

= Tracked well unless disturbed, then ency to overcontrol in tracking. nse bcomes onc ering ry.2 would assume a" trim. spou~se becomes objectionabl &%Augn so"
w d ne rinto tons. Doesn't go where you went it

with stick you put in. Puttinin more end.5 .overshooting little each time.

SHORT- LOOK COMMENTI
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PILOT C PI LOT D PI LOT E PILOT F 2
Trimmability hampered by inadequate short Trimmability poor. Same comments as Con- Fairly easy to trim and hold trim OK. F.

Trims up nicely. Light F. Aircraft re- period damping. F. OK for this type. Re- figuration 5. Once trimmed it holds. In- high. Response to control fairly fast, but
spon.. good. Short periodis quite short sponse to control good. Holding g also crease in F. in oscillatory motion. Fs initially oscillation occurred when changing target
and lightly damped, hpt does damp ot, hampered by poor damping. Longitudinal satisfactory however. Aircraft response in tracking and maintaining g. Frequency
This doe.n't bother you in tracking. motion is stable bht require. more damping initially satisfactory. Tracking unsatisfactory was in range where pilot could damp it outfor good handling characteri.tics. Ability because of poor damping. General feel good fairly fast. Once on target, tracking was

to acquire and track target marginal, but sloppiness due to inability to put nose fairly steady.
where you want it.

5 2 5 5

Trimmability satisfactory. F. OK for Poor damping. Tracking in turn OK. Trimmability satisfactory. Fs initially OK,
transport. Aircraft response good. Tracking in dive and holding g difficult a little high doring steady turns. All maneu- Fairly sasy to trim. F. OK. Responim qoick
Holding g and tracking satisfactory al- because of oscillations. Response when vers satisfactory. No tendency to overshoot, ho ondirdamped and therefore oKillatIon on
though Fs higher than desirable in dive. making quick entry into maneovers was Excellent aircraft, hohrt period. Difficult to maintein level torn..
I can't really find anything I dislike but more than I wanted, and produced oscil- Tra difficlt m
I'm not perfectly happy. lations. Slow entry gave more or less Tracking difficult,

desired response.

4 34 I5
Trimmability not absolutely perfect but as Trimming fairly easy. Fs high hot accep-good as could be asked for.F just about Trmigfil ay shg u ce-Slightly difficult to trim. Average in re-

good aik cood be:n askaedfor.aFe aoitpabno table for this type, too high for fighter. Trimmability good. Fs seems to decrease Slig ifficl to trim.avera in rn
as I'd like to see in an average airplane. Control response good both in time and mo- as g built up. Aircraft rerponse to control maining in trim. No oacillatory motion in
Aircraft response and feel very good. Do- tion. Holding g good. Short period well initially good. Slight oscillation in turns trimming. Slight overshoot when potting in
light1 to fly. Tracking good. No notice- damped. At firstf appears aircraft is makes tracking difficult. Oscillations while control steps. Fs slightly high, too high for
able stick motion. Overall as nice as I've statically unstable but turns out phugoid per- holding g. Oscillations most pronounced in fighter. Response to control satisfactory.star flowno.secbnd h torn nnot ingoid p- ong. Easy to reach and maintain g and level turns.eid is 60-70 seconds which is annoying in torns. General feel of aircraft good. Tracking satixfactory. Slight overshoot in

straight and level. Tracking good. acquiring target could be easily damped.

I4

No trouble in trimming. Aircraft response Aircraft is very sensitive and damping is Aircraft was trimsnhie but difficult due to
to control weak. Time lag in response oh- too low. Fs are so light that aircraft Trimmability satisfactory. F. satisfactory. Aicrat w s moahe hodio o to
jectionable. Short period very weakly could be overstressed by pilot. Tracking Aircraft response satisfactory. Neutrally factory for fighter. Response to control was
damped. Not comfortable at large g input, in dive and trying to hold g induce oscil- damped short period can be damped manually. fast, mon oilltory R nd tl d am
Difficult to damp manually because pilot lations. Can handle it but don't like it. Holding g and tracking hampered by oscilla- which could cau orshoo. Aily to
finds it difficult keeping up. Could lead to structural failure in combat. tions. Difficult to make small corrections. which could cause g overshoot. Ability to

Holding g and tracking not good because Aircraft is flyable but unacceptable for cer- reach and maintain g almost impossible.

of oscillatory short period. tain service oee. Entry and recovery turns, holding g very
erratic. Difficult to track target.

6 7.5

Trimmability adequate. Fs moderately Trimmability good. F, OK for this type. Trimmability difficult, bordering on neutral Slightly difficult to trim. Once trimmed,
light. Aircraft respone somewhat sluggis . Too heavy for fighter. Corol response static stability. F satisfactory. Holding g stayed OK. F moderately heavy OK for
sluggish side. good. Holding g good. Tracking good. satisfactory. Push-over and pull-up response transport. Quick response to control. Me-

Consider aircraft very easy to use in combat. satisfactory. Tracking hampered by light tion lightly damped. Slight difficulty in
damping. Easy to damp out, however. In tracking target and reaching and holding g.
general, aircraft was fair. Fairly easy to maintain level turns.

3 24 4

Seemingly difficult to trim up but not really. Not difficult to trim but annoying. F. lighter
Fairly neutral static force stability. Nice than should be for this type. Control re- Trimmability poor. Very poor feel around Difficult to trim. Fs good. Response to
for maneuvering aircraft. Short period eponse good. Holding g marginal. Always trim. F. satisfactory. Response of aircraft controls was fair, possibly good. Main-
well damped. Tracking easy. Response got more than I want. Some stability buo good. Just about deadbeat. Holding g, taining desired g unsatisfactory since F.
decent. *F decently light. Rated 2 rather practically all masked by control force tracking satisfactory. General feel of air- seemed to vary. You had to hunt to try to
than 1 because would prefer lighter stick friction. Aircraft doesn't return to equi- craft good. Only drawback is inability to hold desired g. No oscillation. Fairly easy
force. librium when displaced. Tracking OK. trim. to hold level turn, difficult to hold constant

g'. in turn. Easy to acquire and track target.

82 4 36

Not too hard to trim. Hard to define. High Trimmability unsatisfactory. F. too light Trimmability impaired by oscillations caused
Fs. Aircraft response low for what you for this aircraft. Control response immediate by small control inputs. F. initially OK. Aircraft could be trimmed once feel had been
want. Divergent short period excites pilot and too sensitive. Holding g unsatisfactory. Aircraft response initially too slow, there- obtained, stayed in trim fairly well. Low fre-
and he tends to overcontrpl. Pilot alniost Unusually long short period. Acquire and fore you want to put in a forcing input to in- quency oscillation, easy to get out of phase
out of phase with it. Not quite a PlO but track target almost nonexistent. Overall crease movement. Light damping, relatively with. Fs moderate and response to control
approaching it. Period is long enough so very bad, possibly dangerous. long period leads to tendency for overcon. fairly fast. Light damped, low frequency os-
you do have control over it. trolling and PIO. General feel of aircraft cillation easy to overshoot and get a PIO.

bordering on dangerous. Difficult to make level turn, acquire and
track target. PIO tendency when trying to

7 7 S 9 change targets too quick.

Ability to trim not bad but no tendency to Not very difficult to maintain trim, but any Trimmability impaired by apparent neutral Difficult to trim because of very low fee-
come back once displaced. Abrupt roll steps disturbance sets up oscillations. Apparent static stability. F. initially light and remains
result in PIO. Similar to F8U at high q but negative damping. PIO tendency because so. therefore tendency to overshoot and re- quency oscillation. Held fairly well when
not uncontrollable. Disconcerting. Slow re- of this. Response always more than I want. quilea heavy input in oppositu direction. D&- heav for f oderRpe low, morton
sposse becomes objectionable during entry Could be dangerous structurally. sire to try to force aircraft to go faster than heavy for fiorhtnr. Response slow, motion
into turns. Doesn't go where you want it initially going then forcing function takes tondeduto. orcontrol. Could act.ally damp
with stick you put in. Putting in more and over and you get too great a response. it out. Turis, tracking difficult.
overshooting little each time. Tracking unacceptable due to PiO.

T7 7 6J
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CONFIG -
URATION PILOT G PILOT H PILOT I

a15y to ..tr .ansy irlywell. in trim. Trimability & r*I .ebyl
oe acceptble. Response to control ovorelr Tactical rSting j &ji to high s n ,z turning phugoid. Frequeny moderate 0nd damnGn4

sensitive, both initially and finally. Rech mano were n t Response te ufactory. quite poor. O 6cl1ti1on could be L= And bold £ s marginal. Short period oc.moto rosulting from pitch a ly. rs/g seemed fairly Os..*4tion made all manuovers unsatisfactory airpanpe. --j:.d-4 -AMOUw osu bs dompod
to uacceptable. Did not like general feel out by band but forces required some
of airplane because I couldn't control it due effort. lkoier to fly VIM a Ir. move

- to oscillatory motions, comfortable forcing moss into position than
e .2 to allow aircraft to fly litslf.

6o Trinernab1lty acceptable and satisfactory•. Trimm~bility satisfactory. Modera•to Ire-
FT satisfactory. Response satisfactory an- Trimmability relatively difficult. F. astis- quency, relatively poor damping. F@/g

cept for short period oscillation. Reach factory for trctical. Tendency to overasoot rather heavy. Oscillation frequency is low
*d• A. e4 and bold g acceptable but unsatisfactry. because of relatively poor damping. Difficult enough you cn dampout by band. Turn

Entry and recovery turns acceptable but not to overshoot acquiring mw target. Fs entry and recovery little bit rough but not
unsatisfactory. Track in turn and dives little too light as utility. bad. Tracking in tarn and dive satisfactory.

m unacceptable. Pueh.over and pull-up on- Puslk-over and pull-up response OK. Would.- 3 acceptable. General feel uacceptable. prefer more damping.

I 9 Trimmability acceptable. Fs little heavy,

not too objectionable. Response perhaps Tactical rating 7, slow response, high Fs Light F,/V gradient. FS/g satisfactory.
little slow but acceptable. Reach and hold required to maneuver and tendency to over- Little bard to trim. Response initially

9 A g acceptable and good. Entry and recovery shoot slightly in acquiring target. Utility tended to overcontrol in going into turn.4 turns satisfactory. Track in turn and dive rating 3. F,/Z about right for utility, re- becmuse of light Fe Cradiint. Satisfactory
acceptable and very good. Push-over and sponse adequate and trimmability fair. once in turn. Reach and hold g satisfac.
pull-up s•t~factory. General (@*I accep- tory. Tracking satisfactory. Push-over
puu.5p ta and satisfactory. and pull-up response quite light.

TTrimmability acceptable but unsatisfactory. Very lightly damped. 8s/g saisfactory.2 Fs acceptable. Response acceptable but Similar to Configuration 14. not qui t as Frequency low enough to control noes poes-
oscillation makes it difficult to fly airplane dangerous. Very bad oscillatory charac- tion but uncomfortable to fly and unsatis-
with any precision. Roch anid hold g unac- teristics and poor damping. factory for tactical. Not easy to track.

icptablen Zy and precisry r. unRht- Reachin and holdin! 5 not comfortable be.
iisfotory. Track in torn and dive umaccp- us sito . •uh-over and pul-
tabne. Push-oer end pull-up acceptable ry -apt for inability to et.-

C but unsatislatory. General fool bille on X.
.02 unceuptable.

Trimmability satisfactory. F5 satisfactory.

2 Some difficulty in trimming. FT tetis- Trimmability affected by poor damping and Frequency is quite low and dampin relativ-
factory. Response to control acceptableYinqtdloaddmpgretv-
eacept for oscillatory nature of sbort oscillatory motion in gusty air. FW/i on- ly poor. No tendency to try to drive it or
experiod. Reach and maintain g not accep- acceptably high and response poor for fighter. overcontrol it. Response shows oscillatory
p o3 tabl. Track in turn and dive acceptable Fs/g satisfactory for utility but difficult motion in trying to stabiltie in turn. Fre.
butunstisfctory. Push-er nd pull-up to trim. quency is low enough you can usually dampresponse satisfactory. h-neral fool of air- out oscillation. Could also do it on senti-
repn &c bsat isfactory. Generlfeel o fir tive accelerometer when rapidly changing4 ctargets. You run into problems with low

frequency. 5

26Timbliypo.F not objectionable. Trim difficult to get set up but remains on
Response s ptisoctory. RFach and main. Deadbeat. Tracking good. Changing tar- 9ood. Response quite slow. Find yourself

Resons st sfactory sRachoy and r main-.r igtaoghfrtatclain g acceptable and stisfatory. Entry eUtility rating because of rapid re l ons trying to hurry aircraft with change in Fo.- and recovery tarn saisfactory. Track in Utilty rang i because o i r End up having high Fe in entries, then rsduc-
-j =to tuornto and light Fg. Fs too heavy for .ton in Fe. CanoOt hold fine tracking, other.trn and dive fairly good and acceptable. fighter. Difficult to stabilise on t. mane n

Push-over and pull-up satisfactory. Gen- mneuerv not too bad. General fool fairly
eral feel acceptable and satisfactory. sluggish. Poor aircraft for tactical

= .8 
maneuvering.

27immality poor and unacceptabl. F, Short perioe quite slow and damping close
satisfactory. Rot.tpnoe to constrol initially to neutral. To quite high in initial pasrt ofOK but final response poorer because of motion, then motion becomes a continually

reveresl in FT required to stop it at given P10 tendency easily reinforced by poor oscillatory mode. Te.~dency to overcontrol,(a) - 2 attitude. Reach and hold S very poor and pilot technique. continually fighting aircraft. In mneuvers
unacceptable due to overshoot. Other aircraft wants to diverge; you have to watch
maneuvers very poor and uacc"ptable. how much control you put in. Can't really

hnability to precisely control aircraft. track with aircraft..3enraf very poor and unacceptable.

28 Trimmability very poor. Actually unable
to trim. Fe acceptable. Response to con- topith up or down on control Very responcive to trim. Apparently high

trot very poor becaus of tendency to over- Tendency fi or doghter otro l Fe commences8 maneuer you realise are
control Immediately following initial appli- doftection. F8/8 for fighter wo high due to your forcing aircraft to do what you

caucing a tendency to muscle any pitch want to get. Response is very slow. Tend-2tion of force. Reach ka n bold g ccop- csnoe and this aggravates overshoot. Oncy to overcontrol in all maneuvers. Can-

Man dive tmovertable. Push-over a rn Not dmpod enough for transport. not stabilise In tracking. General feel
= up unocceptblo due to weak domping ad unacceptable.

.tendecy to overcootrol. General feel

SHORT-LOOK COMMENt1
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PI LOTI PILOT J PI LOT K PILOT L 121
Trimmability adversely affected by long Trimmability satisfactory and remains in

turning phugoid. Frequency moderate and damping trim,. Hard to hold desired g because Fsseemto e cangng nd psiton f sickDifficoit to tsr'm in turbulence. flon't like
efactory, quite poor. Oscillation could be damped out :eam o be changing and position of stick

also noticeably changing with force. Track- damping, it gives way too much oscillation,lanegmaneuvers c h.d ;d- ing in turns and dives not difficult. g ower- Trimming -no problems. F little high and too difficult to damp out, too loose. Period
out cillations during e quirod be damped shoot tendency does not seem to be present aircraft tended to dig in whenever you applied is rather short, Attaining g may or may not

effort. Easier to fly VFR than IFR. More when applyin-k negative g or holding in the dive, positive g. Not so noticeable in nosing over, be a problem.

comfortabl forcing nose into position than General feel - forces are moderate but air- Tracking target fairly good.

to allow aircraft to fly itself, plane response little too rapid.

S 6 6 46 T

Trimmability satisfactory. Moderate fre- Trimmahility satisfactory. Fs moderate and

relaivel poorfctry damping.ood All aspects iffected by damping. Eacessvt rather heavy. Oscillation frequency is low satisfactory. Response good, Responds im- Trimmed very nicely. Could go right on response to initial Fs due to damping char-

sftot enough you can damp out by hand. Turn mediately to control. Holding g easy at .5 g; target and hold on target. F5 just a little actaristics, Aircraft too loose and responae

S entry and recovery little bit rough utslight oscillation, higher than I like, too quick on initial application of F.. General
bad, Tracking in turn and dive satisfactory, Tracking in turn and dive satisfactory. Seems fee, - could he improved in damping.

Puh.over and pull-p response OK. Would to have slight lag in motion of aircraft which

prefer more damping. you could get used to.

S45

h F. Light Fe/V gradient. Fs/g satisfactory. Trims well. Handles well in turn. Track- Easily trimmed. Aircraft feels solid and Trimmahility not bad unless ruffled by air,Little hard to trim. Response initially ing in turn smooth. Holding g excellent. moves to where you want to put it. F. tend Static stability seems to be slightly nega-
lity tended to overcontrol in going into turn Tracking ground target not quite as good a. to be little light in making pull-ups so you tive. Damping is very soft which combined

because of light Fr gradient. Satiefactory holding g, little tendency to overcontrol but tend to come up to your g rather rapidly, give it poor handling qualities. Applying
once in turn. Reach and hold g satisfac- still good. have small Fs requirements.
tory. Tracking satisfactory. Push-over gs
and pull-up response quite light.

Very lightly damped. Fs/g satisfactory. Trimmability little difficult. Holding g
as Frequency low enough to control nose pti.- difficulty because forces vary when trying Trimmability poor. Difficult to remain in trim
ac tion but uncomfortable to fly and uneatis- to hold constant g. Tracking in turn. not Aircraft tends to oscillate when trying to because of poor damping and excessive oscil-fa.ctry fndhorltacica. gnot easyto trak too bad. Little slow to respond and slight bring it to a particular attitude. latory motion. Response too sensitive for

Reachiog and ollin. g not and I- tendency to overcontrol. Tracking in dives initial Fa application. Reaching and holding
cause f oscillatin. Push-over and pull-du to poor damping. Entry
up satisfactory except for inability to eta.- not too bad. a reery fro tu -oosclatory. tra

a o g.and recovery from turns - oscillatory. Track.
bilise on g. ing in dive marginal due to initial force input

and response. Once settled down it's easier
to control. General feel unsatisfactory fora 6 6 7 tactical.7

Trimmability satisfactory. Fs satisfactory, Little difficult to sattle down at precise

,g and Frequency is quite low and damping relative- trim. F. light. Tendency to overcontrol Trimmability satisfactory. Remain in trim
un- ly poor. No tendency to try to drive it or when trying to hold steady g because force Easy to trim. Flies well. Usually have satisfactory. Fs acceptable initially; final
fighter. overcontrol it. Response shows oscillatory change, after applying g. Slight oscillation one oscillation hefore getting right on ground part of motion tends to initiate unacceptable

ult motion in trying to stabilize in turn, Fre- present in all maneuvers. General feel target. Can get right on air target r oscillation of aircraft. Reaching g eatisfac-
quency is low enough you can usually damp satisfacotory but little hard to control tory; holding g unsatisfactory due to tend-
Out oscillation. Could also do it on .ensi- precisely. ency oin overshoot. Entry and recovery from
live accelerometer when rapidly changing turns oscillatory. Push-over OK but track.
targets. You run into problem. with low ing is oscillatory. General feel- tacticallyS freqencyunsuitable.
frequency. In is osilaoy Geeael.tcial

Trim difficult to get set up but remains on Trimmability satisfactory. Wide trim

I, good. Response quite slow. Find yourself, speed band. Just about deadbeat. Slighttrying to hurry aircraft with change in Fs. tendency to have to apply more control Easy to trim. Very easy to handle. Goes Holds trim fairly well except when hitting

for End up having high Fe in entries, then reduc- once I get g's. Fs fairly light. Aircraft where you want it, no overshoot. You can turbl, Appears to have neutral static

ltr ion in F Cannot hold fine tracking, other seems little sluggish. Seems to be a little put it right on target, stability, very poor damping. No pro-
maneuvers not too bad. General feel fairly lag of aircraft to control during tracking nounced tendency for oscillation. Response
sluggish. Poor aircraft for tactical in dive. General feeling fairly easy to handle of aircraft unnatural. Reach and hold g OK.
maneuvering,. but little slow to respond. Track OK although a little bit sloppy. Gen-

erally unsatisfactory for tactical as medium
bomber.

Short period quite slow and damping close Doesn't seem we have long enough time to

to neutral. Fe quite high in initial part of trim. Poor damping and light Fe give tend- Took a while to trim. Tend to get oscilla- Trimmability and holding trim poor due to
motion, then motion becomes a continually ency to overshoot g, seems to almost di- tion whenever you start maneuver. F. are damping. Oscillatory motion excessive about

or oscillatory mode. Tendency to overcontrol, verge. Tracking in turns and on target not not hard. Once oscillations have settled trim. Fs for sudden application of force are
continually fighting aircraft. In maneuvers as bad as holding g. Stick motion not no- down, you can hold target fairly well until too light with airplane response correspond.
oircraft wants to diverge; you have to watch ticcable. Aircraft responds fairly well disturbed again. ingly too sensitive. Reaching g good, holding
bow much control you put in. Can't really but poor damping gives rating of 6. g unatisfactoury. Entry and recovery from
track with aircrafttoo oscillatory. Tracks poorly in divedue to oscillation. General feel one of dis-

9 7' comfort, fati gue-inducing.

Very responsive to trim. Apparently high Difficult to trim. Difficult to fly. Fs are
eryrh light and aircraft responds steadily and in- Easy to trim but difficult to maintain. Slowro Fs commencing maneuver you realize are Easy to trim but more sensitive. F. are oscillations induced by attempt to maintain

due to your forcing aircraft to do what you creases pitch-up or push-over as forces are light and when applying g you tend to just trim by yoke. Initial Fs application inducedoappied, makes it hard to control. Tracking dig in slightly. Aircraft flew fine when too abrupt an aircraft initial response. Verywant to get. Response is very slow. Tend. in turns fair if pilot is right on controls but making smooth small corrections. Just a low frequncy oscillation in tracking and
'ot. ency to overcontrol in all maneuvers. Can- controlling small change in point of aim dif- little too sensitive, though. Tracking dif- turns requiring low frequency damping by

not stabilise in tracking. General feel ficult. Holding g difficult. Susceptible to ficult because of overshoot and digging in. pilot. Not dangerous, but very tiring and
unacceptable. overcontrol and PI0.

difficult tactically.

SHORT-LOOK COMMENTS (CONTINUED)
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CON FIG -

URATION PILOT M PI LOT N PILOT 0
1 5 Trimmtoblity notifactor~y. Damping fairly Triotmobility fair. To satisf~actory. Air.

poor. .- 1,. Initial pa of any rmoion -p. 44cmmf response to initial stick inpat oneacop.

poora bOlfo or . gno and hod Kt; table becnaus it,. very abrept. One. .toady Totimtnoilityevvory good. Damping of
a however, oclt b ontce00 obtained. in torn, no mor. problem. Reach non hold g short Part.d nt very good. OscillationT- . Entry and roconrsry from torns OKl. Soem. OK except right a.round I S. - oo don-t hean. gave trouble when tracking in torns and

tto ho followo Isnginacront. Diffr.nti- canto oI n inta l ro1o..pont. a .wl. you in diva. ,mn. trouble in diva..
.60 btenhtween contr1 position tracking in hotuld" Troonk in turns and divot poor, 000.4 2 .2 turn. end dive..0 1ompruld by por damping. tinual nmall us iliotiono ono good for 1anny.

16 EAtsyto trim. rs a littln high for toy liking

16...oItially eanm, comment. a. Configuartion Arrft r.apunts o. Fi~~ ysnO ,y Trimmability good. Trimmed quickly
It. toomr, fr~qaoony appears a little _uqokng Wo. .. rpr1i.iog i.10. . kept -. Ir. and atnyed. Damping good hot woold hoe

b it Low.r nod gan al fast Of aircraft is bho,:.g book and forth; Othoy a. onr hnppi!r with Juat a little rnor., Tr-nhin.42*9 better. OK. I didn't thin I would have the trouhle good. A. a whole didn't really like it.
io tracking. Got ral fool exnellent. Snems little sluggish or little heavy.

Ce .3

19 Damopedsatisfactory. Pe~riod slightly long. Pretty easy to trim. F. lItght, good -n W - Trimmnebiiity good. Long time to trim
To. K .push.-n.,ro 5 anh, il. tial part hot appear high at 2 g. Holding g down fin... Damping good but l10w. Tarnt

mtyto got on target qainly ooprom:i..d.' ia quit. y. Entry and reovenry from and tr...king in tarn.. and diva. pretty good,17 DoGtting a delayed r.pon:n. ppoor to ho turant nooy Tracking in torn and among heat Cn.n.Ctplslno about .10.4 a step change in forc. gdIot. In order din1`P.1tpoor portinalrly in dir.. Shorn rather dampin (lo. freqoency). Don't like t hay.
to . ty no target .tolltine frequency in rapid Osciillation Which yac tend to -no- to wait for s~cillatioo to damp.

3..t a little to high. control. Goneral fool satisfactory.

22 3 _ _ _ _ _ _ _ _
Trimonability oompromi-nd by aircraft Took, .ome effort to trim. F. bonny
dynamic .. F* too light, freqaency too high. Ininiall hot not propo rtionotoly h.ayinr3 Track in torn aod divn lousy. Relpo..o to go to higher g. So I dido't lik. it..3 isn't good hat yoa can hold relativeiy coo- Miaooor OK a. long as you at. amooth
ntaot g with lot ot attention. Too mach controls. General f.o i rcat or
att.nti.. to provide damping. If you makenoormal ~ontrol mon.m't

2 yoa got a little PlO snt UP.

23 TolmmohiLity good. F.p. lgt Air. anr tgttnon ooncorl
craftreponse OK. Frnqwony loot little Trimotahility fair. F. higher tha I like..

d-omt pingapp..r. 0 . Ro...k and Mdan-war. OK. Initial force. for small
hod td Apret -Kigin F. bhang.. were higher thn I liked. and I had

dei irl ora...ft nook a. thin. Manno- oral7-n good.
v-O.Slight oorhoot 10 poohhnnnr

.4 iswudmake it a little hit beter

26 Trimmonlity good. F. good. Aircraft Trimmaholity good. little hit lo0w. F,
lag. beidcontrol someowkat. Not had for initial parn - good hat moannriog over Trimmahility not ncry good. Neutrally
thi, aircat tbongsh. Roach and hold g1 io imr .nl of F ht`nio or slowliy ongatint .tatic.. Trockin, good

- good. hianooonrin~~~~~~~~~.. g force gradient i. light Loot, toh o F1ioatopno ntro n i. fkp ln owo

Q = . anod I l1hM it. Maneuvnnrs good. No Un- .mpr.nio on'f F. tightening may be jast = letd , hut if it got. aoway. it's.aproh-I ~ ~damped oscillation. do tolgnopnn dnavr Ktmt S ok

= .8capitr this doMYinoresponse. I

,-27 Any trimmohsility almo It by -cido t. 2 . Not too diffioult to trim hot wooldn't hold. Trimmobitity not good. Takon long limo
in-3 knot hood. F. anod poor damping make F./g and F. for initial porn of rF.o ... to trim. Neutral orlowrlyonegatine

thin pretty lousy. Reopo.o...sem. to lag OK bot aircraft response seews to log etatically. Frequency oos .o low, not
behind .tick hat pualn ipat coo pruold. pilot inpat .o thorn. tremendous tendency rnally .:oing what I wanted to .o.. Don't

C~ 2 damping. Doring maneuners, you must to _oor.boot and got ;..oitl ion going. lke it, hod. Tracking waon't good hot.2 :.ppl~y own damping. Reaponse in punh. Very nosy go get awayfo yoa. OAny could hookit. No.r didn't moon..s
r0. ad p.1l-ap app.a. to hob dingn aoan.r. wth aircraft would honof*. rapidly a. 1 ntod

on cillalion.' Fr.qaoo ;is note nohighthat very hod, Wbordor. on d.non..

.3 it can'tnb damped.

28 Trimmahility eotremely poor. F. light
I Trimmahilitynvery poor. Jr.appear Ii~tixally, oaaa.. immtediann respons.o.want.

satisfactory., Aircraft rompon;: away t o 1,orhot :otro rn control no
C,) - 2 from trim not too good. appsa. L.toial rapid Poll-oup to j-= g -0anto.,.hr m..- onstbljo. ann~to:vr* fair. Gonoralti E.nry and rocovor~y from torn. not quite

lmpr..o. -hd. a. hod dan to npplicaltio of hook pressure.
Pa-h-mt r and poll-opdroopoost too qui1ck..5General foo 1 .vry hod nimont dangoo....

SHORT-LOOK COMMENTS (CONTINUED)
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CON FIG -
URATION PILOT A PI LOT B PILOT C

1Easy Wtorimn. stay* at trimt. High F, to Trim,. well. Rapid rmopono to conttrol. Trim, fair. Respons~e Seod, quick ae
make aipl.co otov., oey to hold 8. slight hottgas d astott to velonotro lively., owith quit." k it of ovon ot.F
Oscill'tion in tracking at any attemtpt to in tracin and ro o rnc S.to bot no.mdio- to hoary. Tracking fair. bobble.

= .8 .djuoc point of aim. Feels overly etiff. hooting hi. trminht damp. oo.7

3 Trimto y ad pr... I.. Resonod. very Trim. well. Could got dmieird S well. Re. Trim. good. m intai .timO. op..
cio.iy t conrol opue, n doly. Eny pon.. motion and time good. Could acquiro good. mdium lively. no lag Oro%, bct

to `_oth =nd' ill.g no "oiici ', y and maintain target wall, good response time rckn good. ronpo.sIecllent, ono
ito trck ioght oscillation for abrupt ocr .i recovery. Wiltr motio ni hi. problem. in p011-cot. To light cc mediten.

.8 ti= oo F moedrate. wucld like too, ..trimig but shows in Ytrackigadmn
hbuild-,p in F. rith speed. v.rIng. Noc enough to ho uncdesirable.

5 Trim, fairly .aoy. Respond. fairly -1l1 Trim, fair. Responseoslow, with delay. Trim Off. Response OK 0000pt wotth damp-
to ~ ~ ~ 41 contrlF ooa.t h avyto *a F. high at firnt thnlgtLho ov.fg, wiggles in pitch. Trackincahodo

maouvost,*:then o.ocla. arun Ooillti in. maowr an &ro Ing . with soffrt. Nose bobble. are, t0acr~k.
= .-d7nro . Fevndrn: eilt. fcl t o maitainarge. Eaocieiin ig not good. Po .littie high..6 Easy to acquire target, hut nia

t 
Ion..ill.- travel,

tic. in crooking.

6 Trim. rery many. Responds well to con.- Trims poor to hod. Acquire and Motd g Trim, quite easily. R-p..o.. quite good,
tro1, positive hot perhaps little .1ow. F. fair, hot F. first high, then low, the. high go ih owooyuwn t moh

mdertaie to hcary. Eay to get and hold g. agai.e, tl o t cor agt Damp. qucl. Eey to ht tady g.C~) . 6 Tracking prett ntdy cr!kn bomkbbling butfail. Recrovr. Tr=kig goo, it dinturbed. goctnmall.6in steps. Z_*.tc - .o .StdampedwalFe.god
with varying for.... F, mndera...

Trim.O *:pticinaily eamy. masinuts, trim Trim, fir (good. Rapid r..oe. pa de. T~ aryec n uc.eenan
wal esod qiewal lfl.10w.. sirahie. itany Wo acquire andthold g;. r oh.. trim wlily Xcpone gooid; relvl n
hut n toe s m ne inth F,.dEoey to reaoh and in$ fair. Ahility to acquire and hold targt omonth, deadbeat, feols good. Eaoy tc
hold g. Enoy to oquirn target. Slight fair to good. Slight ovreoot on g 1 jinpl. lcc and hold g. Tracking -Io eucY,

.6) n ko bb t hotto tayi rcIn., Fe out, complinis slightly oF ea little lih rea Jo. FT moctiot. (em.Il pitch
mod-te thoa...y) in recovery. o nilintion, damp, out quick).

.5 301) 4(t) 21

9 a 1I0 Trim. cony. maintaine trim woll F Trim good. Response rapid and goodj.Ao. - Irim. enith some difficulty in finding
m*odeae r'Pond*w ll, alhugh oto quire and hold g good, hot showe ocolition. trim. Maintain, trim OK. Response
.low. Hard I. acquire g doe to oscillation, Traching difficult due to Oosillation. Fe adoqoate; not lively, not sluggish. 0..
b a uito eyt mai.ti mono g. Cecil. foel. good at trim. ooy ought hkl, hut ciliates a lint:i aroood desired S. Track-

ace urn taciofnloiocrroloc. opooo nIahu firet lightto hv. ing not poie detooinion ofn o,.
than light in mnaneuver, and crooking. can damp wihreal effort. Fe average

- -varied oco.h fecoral feel ..erage, not

P_44)55 desirable.46

I 2 Trim, -Ver oey. Respond. well, fool. Trim good. Quiok responee to get started. Trim. OK, maointain. trim Ot. heopoo
g2:ood.Fs light to moderate. Easy to rench then lag Wto lp motion. However, .uold good. quta liroly.i hot hobbloo some.

an rmioaio ,on Io very wellt reach and hold S. Tracking good. hut Eoey to get .nd hold g. hut a little I-0 for
damnpod. .ae gtO acquirI target, eymy ne tend. to heap rieing after reovnery fighter. Trt~oke well, hot pilot ha. to

= 5 to track. Easy to hold I it. reemory. i. otarted. Co...ciou. Control effort r-fly It. R.oovry i. good. G.n.r-Ily fool..5qoired to .top mnotion. good, damping i. adoqoto

.4 4

I14 Trim not difficult, maintain. trim w.ll, Trim poor to fair. Holds trim OK hot Trim, OK, holds trim ON. hot -lnetiltaoy.
hut oeo ilesto for every correction, hood babbles for waory correction. Stepa o Raspon.. OK, hot high F. to start motion
to damp. Initial response good, then ino- seemsn delayed in etarting, then hohhleo.. than ..cilintee, Coo hold g OK a--pt
lion stopped, then picked up again. Could herd to damp. Tr..cking onac.-ptohlo oscillates aroued S. Tracking no gond,

CL 4 maintain moan s, hard to acquire enact g. becameo of overtontrolling and bobhle. bobble. oil the lime . Pilot tende to .oI..
I Oscillates. Trooking hard ho- e of F. heavy at first, then lighter. forte oscillation. Fe high.

oscillation. Di~liked varyingl F. during~ motion,

LONG- LOOK COMMENTS

Note: Ratings and comments in parentheses are for repeat evaluations.
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COFI

fURATION *PILOT A PI LOT B PILOT C
15 sel 1 otlla.".. Trmhor od rm OR.bt Witll Trim. OK, stay* rme arl al s

:. stbe.c.-. ofesoillstios.. Respond. s t "**IVl, h et Irroto In Io15 fo's sO~lt low, Wish it wer a.'. 0.611.
cnt'01 mmotto. Usen slow. down and abropt masor.Lo ontakn0. b-out d.sirsd g. Tracking ano goo() ~ ~ is~sl up. F..is like roll., coastior. to nc bb. . aibsbvbc-os. of ... ilMadion smotimo. ratn..4the, light, Oson boay. to ... d by pilot. Jr. moderately hoovy.

6 6.5

16 a 17 F~todvat toligt. spads Trimt good. Respepoo. timeo atisfantery, Trimn pretty good, apparently not wsll o16 a 7 R.-- ,- thugh ime .. i.bl..C."get fltood. Reoen. a. quit., not _1a liv.ly.
tsn,..slbson. Eosy toremaisntuio a. slight n asd bold g, slight .soiilamtioo damoped Slight delay in getting muting. Tracking

.-.locd in riaching X. ]Fairly easy to a.. quickly. Could .oquil. and track torget (air to poor because of oscillation when
6) - qisod,,andbd agtalhuh. looi. wall, ho bisnUl oscillation, especially disturbed. F, mooderately heavy, not lad.

- l~~~ito rnall -rthoddrn g roosy fo, abrupt cor.cticen.. So.o. novrshoot Feelaevr.ra.. could hobe ttor
1112wllqhly sluggish to .. amt motion. of g anod oscillation on recovery.

.3M4(6) 33

t -,I., ::y but do.. - nonmali.i trim very Trim OK Jeot too easy. not wall defined).19~ a 20 osll, .oopnsad oi. follow, control. I1- Trim good. Reagan.. goad; a.1Littleslow Response good, go.. wh.rs you -act it,
ao-mmtexactly. Eary to veatb and hold g. hot solid. ,ittlo slow to got g. ofborwifs very little osillut"o. Easy to maintain

at~igi 0 aoqai re and bold target Sad adjusot good. Tracking good. waus otmy% put, no S. Toacing good oraligh crrhoot
A p.,~ottf ai. Wscldovorobot anm1irnss.ositc. boa r. .- 50 heavy. damps quickly. Practise and nics to fly..4 ;QFiisIf -- T fairly Light.

-- r1to. easy. oalit cosr.ction.. go. Trim good. Hoay F. to stort imiainsror Can trim pretty well, however, alor.2 im lamoos quick to Initial control, then slnw lbs. moot tight it. tositial ... sparis. rapid, turning Wo tri.m and oacillatss. Difficult
.sttil~~a otrot. -. hraoot.. Nut theo buildo up. Hard to maintain g boosus to reach S. Oscillate. around g Fools1

- ooooftrtahl. touequiro nd. hold S. acillato n.. .ants Wo hup going up. Tracking nil, rsho it isntgiga do what you want it

CJ z .3 ikir yctking. C.nnt bol g stooy int r. ladttop osnillfation. Feels spong, t.Trlack~ing dinffio'ult, wall ow. nnd .ocil.
ra -msy. F. ltght snougha bat varies, light, rmushy. F. feels light to -~owry, than fates. 0,versbnola g on recovery. Fools

69 osny, light again. cr.rsbot g. Excessoive stick motion. poor.

~~6. 24 Ito w ly bet doss not maintain trim Trim fair to poor. keep-n. tif.. good. Trim. OK (fisr). Responso- fair to good,24 A.ol. fluopods slow but smooth, slight Can roach sand bold a .. sily , - on.rsboeat wall damopod. iA lite :osrebnot, but can
realsthiakin. V, ligt de.hearruy. Coutld bold or oooillatims. Trackling fair to Sood. seo-inti S. Tracking easy, holds torget,
0 , ho owoonhout gutt."intt w'.ses motio alight owoailfaticen. 1. racoosery, motion hot l.igaish to mow . -. sooahly lIght1
. telruco e.t.. storied. Track. fair to taorta die delanys. Requires varying F.s (sodsrat.). Gon.-a feel ..oamiable hrl

tl g sod,0000 motifadios. F, light in t opnas dtut)

26 :Onaaey. bu doss not rmlaiotic trim Trim -... good, nstady, bet hard to find Trim a little difficult, cot wall Woinnd.26. r1. .tny good to roach and bold g, trim. Quick response, although require. Response OK but penculiar. Responds to
os oesb coons bet.u-e keep snoving nfter large stick travel, then wands to keep control ths. datps nod stops. Holds"ttsrcts -topyi Sysin whatever nt. mnving. Hard to kin g. b..aut. no kesp.op nod trch ril, very alood*y. re o
01ids it is lepft., Tro~fckisq easy nod seoady. innoing. Tracking fair; can hold torgot. isra : ct very high in tracking and.3 F ih.bun motio continue* after yoo expect it man.-o'oing.

to sto. SameS in racoro ry. Requires

.8fargo 
r. to atop toni-.

27 lots assy to trim. Respond. fairly slowly Trim very bad. Very hod to dsoeral.. If Trim not too bed bout dot. cot maintain
ltoirtrs.l. nscllfatioas. damp slowly. loin. , applied ahruptly. No idea of what I you trim speed. Responsesalom, gnt more

SItpns o quick th. -. ,.beert g, will Bat. Tracking nearly impossible . motion than you wont. Hnvd to hit g.
11.1.at around it. Pilot agraots sil. Pilo tighs airplane and indooss keeps moovitg, oscillates, lard to dampy~1~' Ca.) .2 bitt,. Trcking no good, lard to Ovoid Osiit~.cot vltltoutuovrcorreotung. Feel,

tot2'liattUn. tsov. r in steps. F. feel oocomfortcb1s. it w.rivt to gtaway.

tsy light, tbst sliffen withk g. F. not hod.

C~ .39
28 a 9 No nary gtiedluotrimo. t:.pond. quicklyt. Trim difficult to dangerous. real. like Trim somewhat difficult. gaspeon&* slow,28 a 9 hnkeope snrimng adoesot.Pltstaotr tottor Won'tI hold trim. g.. aloggish, bet peculiar. Get Iorgenou....

sIitrt powduos sc lal. s Vary dif. pos fags taf. IN~ootrol applied, too sion frotm input. Domps slowly, no oscil.
ltdt to rack becueof orerhot. F. res ponse heep. bIlding. Pilot oif-r lolinn. Traching not good, wallows, toughoe~) : . vrsy light to odrilcate. then produces osci ledAto. Responds ho got hook on torgen. Pilot gets out ofW 2slowly then novasrhoo. Very hod for ph... .F.I.r ..lswird, feel disconnected

aelcwareful manuour.rs dangerous from airplane. r. fairly light.

.5 6(6)1 for abrupt miss. lOISl 9(711

LONG-LOOK COMMENTS (CONTINUED)

Note: pafikings arnd comments in parentheses are for repeat evaluations.
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